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PROCEDURAL TESTS FOR ANTI-G PROTECTIVE DEVICES

VOLUME II:

5 G-SENSITIVITY TESTS

1. ANTI-G VALVE FAILURES

Two lines of investigation were taken to develop an anti-gravity valve
(AGV) failure analysis for predicting lifetime expectations and reasons for
failure of respective valves. In the first of these investigationa, histori-
§ cal anti-G valve failure data were obtained for analysis, 1In the second,
: failures were induced in functional AGV's; and these ''failed" valves were
testad. Test results then were analyzed using the GVALVPGM (described in
Appendix A),

1.1 Historical Data

Data on AGV failure were sought. Because the most frequently
used valve (i.e., the ALAR 8000 series--which includes the 8400A, 8000A, and
8000B; is considered to be a low-cost (or throw-away) item, only two reposi-
tories of AGV failure data were found: The Naval Aviation Integrated Logistics
Support Center (NAILSC), Naval Air Station, Patuxent River, Maryland 20670; and

; The Department of the Air Force Headquarters, Air Force Logistics Command,
f Wright-Patterson AFB, Ohio 45433.

o T T PN WY

B O TP T (A

1,1.1 Limitations of the Data

ol i

3 B The data available through NAILSC were most pertinent to
A R this study. Because a major overhaul of the computer programs used to access
this data repository was in process, however, the data were inaccessible for
the period of thi: contract. Any followup work should consider this NAILSC
source.

1 L i,

For this report, the data were provided by the Wright-Patterson Logistics
Command, and were more limited than the NAILSC data, The limitations of the
Wright-Patterson AFB data are as follows:

IS

Tz a b e i VLD 2t

(a) Data were available on only two valves, the ALAR and the Bendix.

PR PIITIP S W

(b) Each of these valves was used in only one type of aircraft--the
ALAR AGV in the T-38, and the Bendix AGV in four models of the F-111,

EDITOR'S NOTE: Appendix A applies to, and supplements, Volumes I and II.
(Information on how to order this Appendix appears at the close of :
each volume,) 4
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“able on AGV failures in high~G aircraft.

for failure nor the time of failure (whether prefliglt or inflight) could be

recorded in columna ‘headeds - (1) month; (2) op -time (or flight hrs); and
(3 occurrences, both fail (failures) and OTH/MAL. (other melfunctions).

“as follows:

(c) Both the T~38 and the F-111 are low~G aircraft. No data are avaii—
.- (d) At the time of the study, the repoaitory contajined only three years
of monthly data (July 1974 - June 1977),
(é) The failures were classified in such a manner that neither the reasons

determined,

© 1.1.2 Explanation of the Data Used
~The or;gina‘ data used in the following analysis were

[WOTE: ‘These raw data are not included in this report. ] The classifications
under occurrences, failures, other malfunctions, and total can be interpreted

-1) Failyres means any Type 1 HOW MALFUNCTIONfCODE--which indicates
that the item can no longer meet the minimum specified perform-
ance requirements due to its own internal failure pattern.

2) Other Malfunctions (OTH/MAL) means any Type 2 HOW MALFUNCTION CODE-- 3
which indicates that the item can no longer meet the minimum . E
specified performance requirements due to some induced condition
and not due to iits own internal failure pattern.

3) Total included, inexplicitly in the total for this column along with
~ Failures a.d OTH/MAL's are Type 6 HOW MALFUNCTION CODES--which
indicate that maintenance resources were extended due to policy,
modification, location, or cannibalization, and no defect existed
at the time of maintenance. Because Type 6 HOW MALFUNCTION CODES
were not considered pertinent to this investigztion, they wer:
not included in the report. All figures of Totals, therefore,
refer to the sum of the failures and OTH/MAL columns only. For
a more detailed explanation on these three classifications, the
reader is referred to:

- _{\",a&,-w,.- o

e N s

. s
Lt s

AFLC Regulation 66-15

23 August 1974

Equipment Maintenance/Product Performance
Ch 5 and 13

1.1.3 Pertinent Notes

A. In general, operating time (or flight hrs) for the T-38
is approximately 18 times that for the F-1l1.

B. Moisture accumulation on the internal surface of a
valve can affect the way it functions. Therefore, climate conditions of the
geographic region in which the valve is used may be of importance.

EDITOR'S NOTE: Available, on pp. 198-199, is a selective list (plus defi-
nitions) of the "Abbreviations, Acronyms, and Symbols" used
throughout this volume.
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'~ available for a predictive study.
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1.2 Analysis of the Higtgriéal Failure Data

Due to the limited nature of the data obtained, the following
analysis is strictly desrriptive of the data., Sufficient data arc not yes

1.2.1 Description of Illustrations

, Two types of descriptive figures are presented in the
following pages. In the first sets (Figs. 1 - 6), schematics are used to
reflect the distributions of the five data sets, their means, medians, ranges,
extremes, etc. [NOTE: This form of analysis was developed by J. W. Tukey in
Exploratory Data Analysis, Addison-Wesley, Reading, Mass., July 1977.] 1In

R S o Sl T S S SR

TR FET

each of these figures, the five sets are plotted side by side, so that com-
parisons can be readily made. In Figures ). -~ 3, raw counts, or the numbers of
failures, OTH/MAL's, or totals are presented. The mean flight hours, shown
below each of the box-and-whisker ploty, are an important part of these figures.
It is immediately apparent that the ALAR valve performed comparably with the
Bendix, even though the ALAR sustained approximately 18 times more fligh

hours per month. . .

In Figures 4 - 6, the failures, OTH/MAL's, and totals per 1,000 flight
hours are presented, also in side-by-side box~and-whislkier plots. Again, the E
ALAR performance was much more reliable than the Bendix. On the right side of F
Figures 4 - 6 are expansions of the ALAR failur=s, OTH/MAL's, or totals over
10,000 flight hours (i.e., a 10-to-1 expansion), to give the reader a clearer
indication of the numbers involved. |

The conclusions that can he drawn from these figufes are:

a) Over the same number of flight hours, Bendix malfunctions and
failures are relatively consistent in the four F-111 models.

L et 10 e

b) The ALAR valve is approximately 10 times more celiable than the
Bendix in terms of flight hours sustained befcre malfunction or failure.

In the second set of figures (Figs. 7 - 21), data set means and medians {
are used to indicate monthly variation and yearly trend. These figures are 4
only descriptive, for too few yesrs of data are available to draw conclusions
abot:t monthly or yearly patterns. Several important facts should be noted
about these figures.

a) Tor trend, the years 1974 and 1977 are biased toward the last six
wonths aud the first six months, respectively.

b) The bias in a) may carry over to monthly variation if the years
1974 and 1977 are significantly different.

c) The Bendix failures, other malfunctions, and totals are over
1,03C flight hours, while the ALAR figures are over 10,000 flight hours.

Again, stress is placed on the fact that these figures are strictly
descriptive of the data. No conclusion can be drawn about the monthly or
yearly patterns.

11
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x = Extremes of Data (excluding separate values)

15

I . 138  _T-33 EXPANSION

Failures

per 10,000
Flight Hrs. -

st R i b A e S L ki S b ST i

T TRV Ve T,

SN

Vo v e ( -
. LatE g oy WHE
o Bl ohs et TG AN B0 cEravedilel dowa'h

e aaree et R




PR

e T LT QR BT S

B
{5

FE

| e R S Y PR A

—

e TR

e

o T

e T A R

pee OOEFLT T

OTH/MALS
“per 1000
- Flight Hrs,

Jpony PA AT T WA

F1l1

SIS
P Gl

7-38

0 00

x-l

X

!

|
)
BEND X

-401

+ 30 A

- 20 4

\ 1 L 10 4

X‘— —
B

LOJ
ALAR

Figure 5.

Key:

Pata of occurrence of OTH/MAL's.

® = Arithmetic mean
Middle bar = Median

Upper & Lower bar = Upper & Lower Quartiles
o = Separate values

x = Extremes of Data (excluding separate
values)

T-38 EXPANSION

ALAR

OTH/MALS
per 10,000
Flight Hrs.




F111 T-38 T-38  EXPANSION
t, A D E F 40 ]
Total Failures ° : Total
-~ and OTH/MALS Failures
| per 1000 and OTH/MALS
' Flight Hrs. F 30 per 10,000
Flight Hrs.
|
|
I S 201
oo T g
' | ' ]
‘ A 1 ] | X
[ ] | ;
H ) °® | - 10 A T _T
‘: ® — | 3
. i ®
t { —% ] 4
“ A % !
BENDIX ALAR ALAR E
:’. 5
1
z Lo Figure 6. Rate of occurrence of failures and OTH/MAL's, j
3 : ,_:_::;_{ . ‘i
‘ Key: @ = Arithmetic mean |
Middle bar = Median g
Upper & Lower bar = Upper and Lower Quartile
0 = Separate values
x = Lxtremes of Data (excluding separate 1
values)
i

[ TSy e m ke "
S R e T




A T P g e e

814 43713 Q00T 13d sainTyel V-[TF4 JO WOFINGIIIsSFq °/ =2andja -

r 10
- e 1t
[ ="\ g ™~ 1¢
/ \ / ~
W,.” 'I / // \\ )/ I._M =z
w L \ ] m™m
3 » 4 \ / N\ \\ - * - m
: L / // / N u
- \ /\ 19
- 0\ hd l.‘N
8
HOTLVINYA ATHLNOW
! A 10
ﬂ > \\ /IQ/ 14 I m
- Foseo / Sa -
L \ ‘/ / ‘lllll’/ \. 1 N
[ / N \o\ Y \\ 1€ ..Wl
- ] N 7 ~~ ./ N =
i N ~¢ 1 =z
. 1
; ! \ 1°
" T/ 14
. 1
_ F g ]
6L°Z 90°Z S6°L 69y OL°9 00°2 ¥6°L 82°L S8°Z 19°G 60°¥ (S°'y | NWIK |,
: 058 0S°L LEZ 9v'y SE'E O Syl (€2 9v'2 (S€ €vy 2z |Wild, |
A pua.y o
P i . |e1-z sz Syl $5°L 9v'Z 882 ¥9°2 9Lz | U
PR ¢/ __--clucy SLT ¥6°E 0571 1€ 0 0 0 ()} 0 0 S°€ €v'b 62°6 | 9L
SO e 89°9 09°G ¥L°6 89°y 95°1L 00°6 GL°9L 1079 BE'y (€72 80°9 LE£°0L 02§ G2°Z | SL
. /u:i ~ G0'E 0L2 058 O 86°L 99y SEE O oL
L o9c P ez 9CVEZTOveM Ueipan| D30 AOoN 330 Gas Obny (nc un( Aew Idy Jed Qo4 uer /s
TN wWidw ETELN
b e+ it B b e e ki i1 e b i s
. u sl " L ey



+82q JYBYTF 00OT 294§, (VW/MT0 V-TTT-d 3O UOTINEIIsTq -8 9andyy

T
-
’
AN
/
\
\
/

LS A S e
L
~
/»’

-
~
-

oy
4
Y
*
+
!
!
Il e A N Y

NV3id

«

W I
G V)~ W WD e N

TWN

NVIQ3W

[ ETY

- 01
o
* 0 ~
g - 1,
A .. ]
. 1 \ / .\ /// A ] ¢ -
- r Ve \ i ) - prd >~ 1 ¢ A
b / . \ \ \Q g’ ./ 1 m
9 7 \ ; N / N 19>
B 4 Vo N, WV ds T
3 /. Ny \ / /0 4
o \ L4 19
[ y ]
: 1 1 ¢
L 1 &
. . 65°G ¥'6 €26 $8°S £1°§ W3 |
109 662 &1 089 5L°S MYIGN ;
. ~|esc w0t 6L°S 7
»° < 85°9 S6°¥ £S°! 66°2 yi'l 08°9 ¥ '€ 9z
-  |€5°L 09°E ¥L°6 €2 W0°SZ 0¥ s2'9 5L
~~ M09z 022 09 16°L el Wz vt
SLOSWEZ BLOG¥E 2ueomuepau| 23 Aow 330 085 ane




. +s3q BITF 0007 3°d S, TVH/HIO PU® S2InTTE] Te301 V-[TI-4 3O ULIINQYIISIQ °6 2InBrd

1€
. PN 1g .
r .. 7N ) : ]
e \ ~~" M 1¢ :
N \ //i\.l.l.'l,' - m =z m Q
3 \ . 4 e o
S - 111 = : “
. 8 0\\\ol.||o // \ ] - *m..
ﬁ \ \ uMﬁ .?
N
[ AV st
: ! i
61
HOTLVIEYA A THLNOW
. ; 4 (=]
ﬁ \\\../ . \O.. L v o8
s 4 ~. ~ 7N
i / ~ AN P
o . AN 1
L / Jp / tl// \\\.'\\\o 48 wnll.w
L/ . ! : o1 £
. f ’ \ Fi 4721 =
o 2 ]
B L t\ \ \ N L& ]
- o\ 91 :
v o ) 81 A
: a (6L°2L 0STLL SLLL 070! 1E°9L £2°S L0°¢ L1 6&°L £0°6 96°B 69°6 | mydu W.E 4
. IS HL6Y Y LVE ¥6°9 EV8LS8ZF $2/ OL'E viL BL'6 998 (6 |WICTd 3
) puddy _ : ¢
~ Juf < Jes szs ) A T WL 6E'S OE°t 615 €9V 6L | L 3
& 4o v 1998 99 1SS 6¥'w {p'E 089 2€°9292°% YE'E £VE wL'l 8L°6 62°EL 01°9Lf % Lx“
raE fsef w0 |10 89711 62781 01'82 09°92 L¥"/L £4°31 878 €9°0L L€ 28°6 20721 998 90§ | 5. L4
S dgp T $9°S £3°C LSVl 6L WE ¥6°9 L'y ¥8Z : : 7 B
SIZI€ 9E 0 G2l 6 9 £ 0 UeoW weipanl D3 AON 490 dos by cnr uni  ABW iy deq qa3 e \ U

WM WIGH K




o~

el Ve L2 LWL

-s1q 33713 06T 224 saanTyey @-T11-4 JO UOFINTIIsIQ. 0T *ansrg
s 1
7 -~ ——
- s / | \\ . . 19 P
[ o« \ \\ //. 1 =2
- ~ ~ 4
- / ; ~-" 1o
s \ s b [4)
- C V- b L4
9t
HOILVI¥VA ATHLNOMW
[ 10
ﬁ I S
i \1/’/0\\\\0"" ¥
- g / - mo A
[ \\ \ \."'u\\ // 48 m
i \ / //ol e 1 2
[ \ / - qot
s N/ 4
. \ s » K4
I \'4 in
[ jot
29'8 16°9 18°€ 16°C 92°¥L ¥9°2L 20°S LS 8v'S S0°6 011 4276 | weaw | o
26°L WL'E 23y €2y 0P €5t 9L 06°L [0°9 08°6 SB'6 10°6 |NVICIH,
— o w
..\. M,E 1 96 ¥2°8 9v°L 26°L €6°C OL'EL LE'SL 10°6 | £ _
~. . 4 N 6L0LSL'8 26°L ¥E'WL29'Y £2°¥ LLSE29°0Z O 06°L [0°9 0876 986 6€°8 | 9L
1% < |v89 06°s €6°0L pLE Z8y 9€S 972 8SHLO9TL UETL E¥Y ¥TY I5°8 067ML SL
. T 05°€ SL°Z 127L S9°Z 6671 E1°Z O£y L2 | ®
L6 L5 E0L 89 ¥ 2uewm uetpau | 330 @5 Bhy iap  unp  Aew ady dJew a3 ier \ ¥x

W

2 0E ]

w3

AON 330

L e A A e ST

5

R
e

DIV, LT YOI




T

e

*s1y 43113 0001 32d 8, IWH/HIO G-TIT-4 3O UOFINQIIAISTA

*11 2an3y1d

0
P 4
ﬂ \\\.II/ O\\\C\\.\.I’ ,.\\\i// _e nL
o ™ 4 ~ ot
4 P ]
L \ -
I \ 7 1 =
[ \ / 1022
[ \ y
" A4 qo0°¢
X ' ]
5 U8 4
HOILVINVA ATHINOW
. ! N ]
) i \\.// I ] ]
. w o\\ N / //ol'l.o\\\oll'oll\ol _e 15
. F \ / T oz
/ =
F ! 15tz
- N/ 402
s W4 # 52
| ao\
r 4 0€
68° % 2L Ov'€E (9°L 98" /9" ibT B €y 90! (97 | WIW
. : : 88" 0 69 282 O 8 9 ST 97 19 96 997 (MWIGIW
puds
N 72 B _8._ tt $2°L 15" LSt 69° 96" SETL |y
~ . :
X 7 Se 1 0o 88 0 0o &®Z 0 0 0 ] 0 o 9 ¢ |o
. Vd -
.n\ 2 191 ¥4 £9°L 89° 0 0 69 [£°L €8% 06°L 9.7 997 ¥9° 197 S¥°L 997 |SL
e 274 R g0°L Ot 08t 221 992 O 0 89 vl
. RSG5 0 SL0LS 0 UM Geipow| 53¢ oW 330 o5 Bay (nc unp  Aew 40y Jmd  J3j uer \ A
- W ) Gz FE] /

22




b
en .

-sxy 343713 0007 324 S,”IVH/HIO Pue S2InTlej Te303 (~ITI-4 3O UOTINGTIIsIg 7T @InByi
y 2
! \\\.// F “ “
3 \'\ //0 7/ // \\OII u
3 - % / l/ /s // .* L] > 4
- \ / N/ e ] g
i \ / v hoN PO Oﬁ w
[ A / S - 1
3 \ / o™ 4721
r \ b
- AY \n u [ 4
! \ -
v 19
. J g
MOILVIYVA ATHLINOW
| ) r4
.I \ol”ll 1°?
/ ~ <
W" \\ //""‘ \\\‘/l n.. 9
4 \ " N 183
/ ) S | =4
[ / / —~ {0z
. \ s 14
- / / 1 #
- v {a
[ ] 81
25°6 SE°L E6°% OE°L (8°SL OS'EL 69°S SO°OL 12°9 86 SE€°CL vh 0L NY3IW *9-
206 (6°E S9°v SO°L 65°L 69°9L L£°8 8¢ (09 085 ZL°OL 9E°0L Enaut*
pudaf :
4 $LLY " tS°0L €576 0.8 8F'8 0S5°S 6L°tL EE'9L 9E°0L| LL
\ .
o./ 9.t 91°1L 09'8 088 ¥E'FL 29y SO0°L 1L°6€ 27202 O 06°L 079 08°6 29°0L6£°® | 9.
/01/ 15L F/I 96 S2°6 ELOLPLE 1S5S EL2L65°L 6v°91 LE'8 8L°EL 10°L S8°% 2101 I5°2L) S¢
Tetvl T 85y #Ly 206 L6t S99y EL'Z Oty 6E°€ 1 74
N«ﬁ oL 8 9 $01 8 9 pUEN :mmﬂm_x— 230 Aop 330 das bny gap  unp Nu: 40y  Jey Q3§ uep

TN

NY1034

B T R

B3

C e

/, dA

23

NPT

LR

[0S T ..
Toto RN Y s I




i
|
:
:

*say IYSYTF 0001 I°d

A o

74
Vi

W MO N~

~N O VT MO -~ O

«©

seanyiel F-TIT-4 30 UOTINGTIISIQ

LA O Ant S e 20m an gnmies g e mun s §
4
e

L SR ANl S EREN ity en am mn ae ey
-~

v

92c 8¢ H0°E 9t 60°C
0T TV ¢t (6% 6T 1

£0°T 92°9
0 S9°¢%
eL’s 19°¢

€1 dandyg
b
VAN ]
. \\ //0 LL
\// s 4
e ~7 ]
]
/N y
/ // [
L2 \ * 1
S~ ]
7/ hd .
]
¥'S 8€'9 85 € (25 |

DV W Y DN~ O

N~ W O ™Moot

=]

NV3

NVIK

NY100w

W

PI'¢ S8°6 £7E

AUE SLE e
v’L 5576 0OL°S
PL°S S8 11°¢

98"t JMY103W

19

NVIQ3W

S v £ ¢ 1 ueay uetpaw ] Jag  AoN

Few Tady deq Qe

24

e [ AR 3, WL

ot | LL
¥G'9 | 9L
98y | oL
174

uep /«.>

R T L)

Ay

=




TR T T R

*say Y3173 0007 1°d S, TV/HIO I-TTT-d JO UOTINQTIISIA °4T @anSfj

€
/ 4
W / \.// .L.Q
5 e T, .
[\ / A N 18
L - / \ 70 4
s \ /S T~ \ Vs A\ 1° =
/ L oanl ° m
g \ / \ / A . LN W
f \ y \ / \ \\ 4
.1 \ / \ / \ 4 418
L \ \ / /o\ )
| \/ / 7 ..m
S v 1"
; HOILYIYYA ATHLINOW
A\ 1¢ an
- \ . -4 # o~
. g 1Y 1 P R — b
; 0 N el / . 15
; s \ / \ o \ AN 4 .
'l / \ // \\\ / u\\ \ <49 m\
i \ \\ /o\\ \ \\ / 1 ..ullv.
\ 1 =
- \ / \ / v 18
1 v/ \ / /o —_——— }
- 4 \ \ 15
g \/ 1o
¢ 1
1€ 88°6 ¥6°S LL°9 ££°9 86°C 0L+ S9°0L 089 S8°% 088 2ZLL | N3 oW
ousal 61°€ $0°6 92°v Sl 18°G 25°% 29°% S9°OL 2£°9 S2°S 8L°8 6L°8 |NVIOIW:
o TLLT *~o 8L°6 6.8 4 28°8 18°FL 26°L (69 BL'8 6.8 | {L
/./ 9. /../ 9p°9 26°9 62°v -v0°6 26°€C E¥'L Ov'8 2CH L9 -- 2€°9 S2°G 9p°LL0B6 | %
; 15 2lie's 96°v 6L°€E 6L #9°6 8€°€ L&'V #L°G 29°% 6L 9L™ vE'Z 819 8L°Z | 8L
/ :
¢ vL {lgl9 se'5 svrz v9°ZL 920 266 I8°S L2 e
0OI68L9GY OT 68 /95y 42 uetpay | 2@y AON 300 83 bny (nf unf Aey ady Jey Qa3 uep /.&
(TR CTRVIGaN FTE])

B D e R N ] S e e T e e a4

§ s bt




g Y R ST S, T NI ST LS e TR T T

-s1q SBT3 000T 39¢ S, IVA/HIO PUe S9InTre3 18303 I-TT1-4 JO UOTINGIIISTQ °CT 1814

[ 1
m g 1r
: A 1
: o\ . ~ 4s =
4l Y S~ A=\ 4 =
m_ SN \ 1ot =
2 5 \ / \ - \\Q/ qear

L \ 7/ \ / \ A

r v/ A\ / N \\ {1

I / N\, v g

- N/ {9

MOTLVI¥YA ATTHLNOW

=] /-\
31
2
- ¥
[« , ,
L // 9
L . g =
[ : \0/ o — <7\ =
N SN S ~ \ ey {or £
VY NS / ~a__ 1u
. / \ hd -
F \ / 4in
[ \ u
- \ / 91
[ 4 4 81
16°S EL°¥L 868 L0°tlL L¥'8 S¥'6 ¢9°L 96°/L ¥2°21 $2°LL Ly°5l 6E°2L| NVNW “Qa
96°S 29721 25°8 YL'EL $2°6 99°6 60°8 96°LL ¢9°LL 2:°0L 16°LL 6L°EL zﬁnm:,
pudal
. iy f 8S°EL LL°LL 8/°01 €2°€2 29°tl 2L°0L 16°LL 6L°EL} LL
ro/ 19/ o\// 88 1L PL'EL 9€°S OE£°SL IC'S ®vLEL ¥2°6 Ov'8 ¥O°P - 64°EL 0B bl $2°G2 ¥ET9L| 9L
V.  £74 /\o €0°6 €£°8 61°€ 29°21L 6£°EL 64'G 96°S 62°01L 60°8 89°2L OE"LL 6178 9276 £€9°L | 9L
4 ¥ .
< 174 J 9L°(L §8°6 £ZL'8 92°9L 24’8 62°bi 0°0L 99°6 174
GIEI Il 6 L SLELT1 6 { ueap :n.—uo:_ 230 AON 350 43S Bny  IhC  unf  Aew 4dy 2@y Qa4 uer | d¥A
NY3IN NVIQ3IW Yy
L
G

bz @ il e e,

s i e Al 2 T e AR R a5




[ 10
{ F ;..n
! - 42
] [ . ]
RS S s’ um
i . - >~ Pl N\ .. 7/ i
. i N / \ 70N / ]
4 3 N 7 \ N,/ 1¢
i 1 // rd \ \.’Ill.\\ o’ 1
| F M N 19
[ 14
“ 8
2 NOILVINVA ATHLNOW
o o
2 § y r~
s [ It o~
| [ 1z
L 1 » e =
1 M [ o, \\// \\o um 2
: “ ﬁ N\ —— N / 4¢v 3
. { \ Ve e / Noe 4 1 =
- ¥ AN e \ / —~ 4 [
e~ q \“ \ S
2 - \ s 19
= \ 1
L g \7 1¢
A 18
62'C €6°v SU'9 9g°v SU'C 8L°C 89 #$5°'S E£L°S 02'¢ 99°S 9v'E | NI ::
- pv'C SB'C £8°G 6€°% €6°C v 95°L EL°G LL°CT 89V S6'V 672 |NVIOIA,
3 puasy
m N deed o 329 0F'S 00y 08°9 (5721 22°€ 828 OL°Z | &
;o A% fart 60°S TL°b ov'E 96°S 98°8 6£°% €6°€ £2'S 954 £L°S LT 8% LTE WY | 9
v f/ {s14 69°y [9°9 $2°G 8L°€ €R”'S I[8'S Sv'v ¥9'¥ (8L OU'V ¥8'1 OL'v S6°v ¥6°C | S/
~loe S~ gz etz 61T s8'E 98 28°2 90°1 €v'1 12
L9sy t 375 § E ¢ ueay ueipaw) ey AON 300 495 bny (AP unp  AeW 40y Jew Q33 uer /2
W. W WitIn WA
-
|

St T v, ik o ¥ b el

et R T




. TR T T TR R TR I, T T T N T L T T s e s mans LS ]

1
1 . .
~ °say 34S8FTF 000T 7°d S, TVA/HIO 4-TiT-4 30 UOTINQRI3s. 4 “L1 21n314
) .I' O\\\O/ Ty ’ qt «
9 // 7 // \\\ T~ —— hN
i N\ re . \ o —— )
N \ / ~~ :
s \ / ~e 1 = g
o \ / b 2 =
. A4 =
F v 18
- m@ :
NOTIVINYA ATHINOW
0
[ . ]
g ~ \0\\ o \\0// - .“ | B
. SN s N S Tt~ 42z
! [ N . ] _
4 - [ 4 >N 18 8
. ~ fe)
j g - L LA
i P-4
; 1s
: r 19 C i
22°1 26°7 851 66°0 222 62°1 0072 O£'S SE'Z t0°Z LE°7 SO'E | NN . 3
; . 61°1 S2°€ 901 08°0 ¥2¢ SO'T S22 .31 8€°1 #8°1 Ly'Z2 SO'¢ |NVIOIW| -3
puaisyl _ . .m
m -4
m ~w_ 1 *~_ £0°S €9°¢ . 02°¢ 26°2199°G ¥8°1 9.2 SO°F | it ;
* ~~>rdor] S feer ST SUL SgE v8°T 0870 ¥2°Z7 9071 ¥S°0 SI'L 0 (I'1 {81 S6°0 | 9/
; .,\/.ﬂ s 22°2 $8°1 I€°1 5% 9v'T 6v°0 81 98°1 S2°Z2 281 8€°1 €I'€ ive 2U'v | &L E
L2 174 S olepr T 61T 96°C SvT 69T S92 9670 7] i
OGSV E 21 SVE 2 T 0ueay uetpay] 295 AON 320 das bny [np unp Aey Jady Jew gaj uer /N;
W T (ED] FET




*s1y y3r13 0001 1°d S, TVW/HIO pue

sain{re3 Te3103 I-T[T-4 JO UOFINGIIISIQ

*gT 2-n81g

r €
F i?
SN —— 1S
S p T e N\
- // . \\ \ - UL O -—
L \ / \ FaN \. 4 ™
s N, \ 200N 1L =
L — \ v // \ p
-l /) \o v 18
/ ;
[ // / 16
L \ / 1 01
. h 4 1
. MOTLVIYVA ATHIKOW
I
L 4
... \of -._ £
i \\ .,/ ] ’ m
- o 41§ =
[ - \\ S / //' ]9 E
C N 7/ e / N ;
\ AN o ~ .
- \ \ . N e Ny 7 L
- //‘\ N~ 418
- 46
88°% vl GS°L €£°S LE°G {0°S ('8 $B°O1 £0°8 G2'9 208 05°9 ) NV3W
€L°S 2€°8 62°L 61°S [1'9 €€°9 O0T'8 889 Ic'€ S8°S 2¥L 9L°9 z<8u:m
puda)
"~ 1Ly *~o 61°L TL°61 €2°81 £0°S PO°T1 9.°9 | 4L
> e ~r (%9 10°9 €2°S 02°6 (00T 61°S (1'9 €€°9 OI'8 88°9 [L°2 G8°G 19°S 89°S | 9L
u/ L k1A .\// 06°9 08°9 SS9 €8 62°L 9€°9 t2°9 05°9 21°0L €6°S 12°€E ¥8°L 2V L SO°L { SL
Setvi Sq68°E II° (€72 18°'F O0£°S 1Sy 1Lt ot ¢ 174
TO68L9SVE 016 8 £ 9 G ¢ UBAY :m._vws_ J3g A0 330 d8S bny (ap  unp  Aey  ady  dey 34 uel /5

NV3W MYIQ3K FTETN

5 B i OO 4 o ittt ST b o

s

R e

29

600 ST AL | dls K

L

=N

s~



1 0
m %
2
ﬂ .// \\\Ql/, - ﬂ M m
[ /Ql'luo//, \\\ol/ \Ul-.ll!o\ L L // J. 4 =
: r ) 7 N
Y A
[ // 4
8
MOILVINVA ATHLNOW
’ 0
S 41 (=4
| (3]
” o \t \'/// - N
o // \\ \ \\ /ll A.A M m
wl /IO\ /I . / Ilb/ 4 ¢ m
. ! N N 4 \ R
_ A \, 7 ~- / 1§
L \ 49
L \ p
L e 4y
L 18

£€6°2 SI'v L0°p 28'%v SO'b €p'S 6E'F 0Z°%
8.°2 9% €2 926 00°v 2U°G [2'v 09°Y

puasy
o~ fu _~ |ose 662 06°€ £0°€
o toct <« s8¢ 18'v 84°2 90°v ¥9°T 8L°Z 1e°€ 2U°§ 10°S 09°¢%
° {set p 9°y ¥5°¥ SI°S [2°€ $I'8 92°5 00°v PI'9 L2V 96°F
LI 172 3K Uy L0°S S8° 1179 €42 €99 8y €0°S

[ W ¥y £ 2 9 6§ ¢ £ 2 Ueal :ﬂ_.ﬂw:_ 3 AON 3120 nww d:< ine unp hm:
WIH I GET] FE

A T VL P L

1




PR TR S

*say. WYSTTI 000°0T 3°d S, TVW/HLO 8€-1L IO UOTINQEIISTA °0T ?an31g

A

O/ P )

P S —
/0
//
rd
"/
//
v
rd
\\\
\.
P
P
’/
~,
~
\
|
\
k\\
~
~
\\
1
|
|
i
/I
/
7
/
/
§
L ]
]
|
]
®
A rh—drrrrdred
- -

K

HOTLVIYYA ATHINOW

2 1

14

9°1
1

T Ty rTYrrrrrrrry
/.
/
/
./
”
-~
-
///
-
\
\
\
L ]
/
Fd
//
<
N
N
AN
\.
i
|
|
[ ]
~N
\\
~
\.
/
/
/
L ]
[}
]
!
J
/
/
//
\
N\
\
\.
—-——

NVIW

NVIOIW

85°0 22°1 G9°T 9I'T #0°Z #5°T IS'T 08°0 6£°0 (I'T 821 €'l | NV3W

90 98'0 $9°1 6€°T IL°'T €2'1 OE'T £9°0 98°0 €6°0 [Z'T 8670 zﬁamzw

puda]
MLt ,* 90T S8°0 0€°T (90 v6°0 S5°0 9/°0 v0°C | L.
ﬂ\ ﬁmh or\ 01°T 81°1 9¥°0 89°0 t¥9°1 6T 02°F 680 SI'Z SI'T 98°0 26°1 08’1 8670 | 9/
\o. 184 \/. 21 20°1 0 29°0 16°2 0. . ¢ €2°T (0°1 86°0 83°0 €6°0 (2°T 96°0 | 6L
o i g 16°1T 6¥°1 427 "~ 7 .0 880 IL L <S¢ 1 74
KA1 SA T SF © ueop ueipon| 8. v 390 035 bay (ap unp Aey ady Jed 933  uer /H;
TR 916K IR

M et e Bl e ot S0 L e ¢ Sttt et = Vo e e PN

st trbael Wnecitrw o £ S L il o i il e

v B L Lo Bl Ve Al i a2l




-sxq 3uPr13 000°0T 12d S,TVH/HIO pue S9InTFe3 TeI03 ge-1 JO UOTINGTIISIA Tz 310314

- 1 ) .H

: [ 1°?
L i .
L N 4
- \ _e -~ IJ_ t =
[ AN - \ P ~ m
= - \ - ~ — 46 >
1 \ o\\\ ~ N\ *m =

¢ B \ / / -

“ / \\\)/ \ / uh
L / AN \\ \ L.
L //\ / 8
[ > 6

MOILVIYVA ATHINOW

1
- 42
X N ]
[ )// P /N L ¢
L 7N / N r =
L //\\ \ / AN ] =
L \ 7/ S~ @m s
1 - / \’i"l‘ =
ﬁ \ p; \ 49
( —— /7 / 4
- - S~ 7 \ 14
b ~- / u
] [ \ J 8
f vy 1

¥L°2 BI'S 8% 8¢/ SE°9 198 06°S 00°S 6I°t 22°S OI'G G8°8 | NVIW _-9.
98°Z v/'v [2°€ 10°L S§°9 SG°L YE'S S5°S 28°C SE'F 60°S 66°8 E-au:m

puauy
. / T - 96y S9°€ 02'S 0.°¢ 282 09't $0°E 66°8 | LL
. \N tq/ o 01°G £8°S 2°€ tL'v (2€ (1'% 1Sy 86°S SI°L SL°S €°L 0L°L 81°L 18°11| 9L
. .rx 1541 \n 80°9 S¥°S 98°2 HS'E 68°9 (Z°T1 008 6272l #€°S G5°G 202 SE'¥ 60°G 9.°G ; S/
K 1Y ol 86°S 8L°9 112 92°L L6°C2 T0°L SS9 SS°L 172
L 9G¥ € L 9 S ¥ ¢ueay :m.:...u:_ 280 AON 130 das bny (n¢ unf Aey  Jady  Jey Q93 uep / A
NV 3 KYI03K gv3A \

RPN

e "  ——— e e e e = e . . .




1.2.2 Suggestions for Future Data Collcction on ACV Failuraes

Even .over the limitod three-year p.tiod thn following
types of data ccllected on the anti-G valves could hnv. generated mor. -
neaningful information: . _

a) The name and model of the valve
b) Type of aircraft |
¢) Climate conditions and G-strass the valve sustained

d) Length of time valve was in service (both full-time and actual
flight hours) '

e) Reason for failure (as specifically as poseiblc)
£f) Indication of a preflight or inflight failure

g) Data from all (especially,. high-performaace) aircraft.

1.3 Induced AGV Faillure Analysis

One of the primary objectives of the PTAP program was to obtainm
information on AGV failures. To supplement'the limited data available, an
engineering evaluation of potential failure modes on selected AGV's was under-
taken. This study, which was limited to failures existing in the valve
-before preflight testing, concentrated on inszidious failures which might not
be noted on preflight tests.

For this study, the selected AGV was completely dicassembled and ar: nged
sequentially on a work table, Starting at the ialet port, each part and sub-
assembly was examined for possible failure modes. As sach potential failure
was identified, it was listed, along with the expected results of such a failure.
During this phase of the evaluation, potential failures were listed without
regard to probability of occurrence, or to the fact that such a failure would
be readily apparent on preflight examination, or to the fact that such a failure
would have little effect on AGV performance, No double failures were considered,
except in cases where one failure precipitated another. After each part and
subassembly of the valve had been examined and all failure cases listed, each
case was analyzed to determine the relative likelihvod or practicality of such
a failure, and its effect on function. Failure cases which were deemed
1mprcbab1e. or which had slight effect on valve performance, were deleted from
the list. The remaining candidate failure cases were then examined to determine
which ones would be immediately apparent to the pilet during the preflight check
of the AGV, and which failures were insidious in nature and would probably pass
the preflight test, but would result in degraded performance during flight. The
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failure cases vhich would be detected on the preflight test were removed from
the 1ist, Finally, the remaining cases were examined to determine if a way
could be devised to simulate this failure in an AGV in a reversible manner.

The final 1ist, of AGV failuraes which were to be candidates for testing,
included only those failures which were believeld to be probably degrading to
AGV performance, not readily apparent on preflight test, and producible in the
AGV in a reversible manner.

The test portion of this study was accomplished in two phases. The first
phase was a static test of the AGV which was accomplished by inducing the
selected failure in the valve and testing by use of the pressw-to-test button.
During this phase, data were recorded only on oscillograph charts and were
analyzed by inspection. Several of the candidate failure cases yielded results
other than those predicted during the initial study of the valve. This finding
was anticipated; for the AGV are reasonably complex, and all of the inter-
active effects are difficult to anticipate. This uncertainty was therefore
one of the primary reasons for the static testing.

The second phase of testing was the performance of a full SVIP on thouse
failure cases not deleted during the first phase.

The results of the study and the first phase of testing are listed on
the following pages. The results of the final (SVIP) phase of testing are
given in section 1l.4.

1.3.1 Fallure A@tlﬁpia of Bendix AGV FR139A2

A Bendix AGV FR139A2 was completely disassembled and
ninutely examined. The function of each individual element and subsystem was
cataloged, and possible failure modes were listed. A total of 28 failure
modes were postulated and reviewed. Where any doubt existed concerning the
effect of a postulated failure, the failure was simulated and statically
tested. Only two failures were judged worthy of further (SVTP) investigation.
[In the following description, the item numbers in brackets refer to the
part-identification Key to Fig. 22.]

1.3.1.1 FR139A2 (Bendix AGV) Failure Case 1

Failure: Mags valve seat [Item 40} leaking

Result: Reduced AGV function
Simulation: Scratch valve seat.
Discussion: Research on the Bendix valve failure

history revealed that one common failure was caused by the mass valve seat
[Item 40] falling out of the valve cover body, This fallure makes the valve
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f ﬁFﬁi Figure 22, Exploded view of the FRL39/2 anti-G valve. i

2 [TO 15%X8-7-21-2, Tinker AFB, Okla.] .

: . 1. Screw (two) 15. Inlet Filter & 27. Screw (two) .

y 2. Cover Orifice Assambly 28, Washer (two) )

E 3. Retainer Ring 16, Breathing Diaphragm 29, Air Regulating K

] 4, Press-tc-test Button 17. Screw (two) Outlet ]

9 5. Sleeve 18, Pilot Valve 30: Packing 4

. 6. Mass 19, Packing ' 31. Screw (two) g

3 7. Compression Spring 20. Retainer Ring 32. Inlet Fitting B

; 8. Spring Bearing Washer 21, Flat Washer 33. Packing ;

' 9. Helicoil Insert 22, Spting Retainer Plate 34, 1Inlet Filter 3

~ (three) 23. Conical Spring 35. Screw (four) 3

10, Mass Housing 24, Valve & Lever 36, Relief Valve Cover E

11. Packing Asgembly 37. Packing §

12, Screw (four) 25. Diaphragm Outlet 38, Relief Valve Ring 4

13, Valve Housing Lever 39. Relief Valve T

14. Packing 26. Plug (two) Diaphragm %

40, Mass Valve Seat €§

q
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o

entirely inoperative, and is therefors esaily discovered. nouubor. since a
leaking valve seat may be a cause of failure, tha valve seat should de tested.

In order to simulate this failure, a leak rate had to be established
which wvas large enough to degrade AGV performance, but would not render the
valve inoperative. Since the Bendix AGV design is such that a constant,
though very small, flow is present through the valve when the systeam is at
constant pressure, the initial bdaseline flow rate had to bde measured. This
measuring was accomplished by fabricating a set of weights to simulate G
forces, and by measuring the flow through the valve at various G loads and
source pressures. Once the baseline flow was established, the valve seaat
wvas "nicked" with a fine file, and flows were again measured. A final flow
of spproximately 700 cc/min, or about twice the unmodified flow at 70-psig
source pressure, was established.

The valve was then subjeacted to the SVTP, and results are listed in
section 1,4.1,

1.3.1.2 FR139A2 (Bendix AGV) Failure Case 2

Failure: Orifice or scresn (Fig. 22: Item 15)
contaminated

Result: Increasad AGV response time
Simulation: Partially block orifice

Discussion: This case is the most likely and
most common failure in this AGV. It was decided that this failure should be
thoroughly tested using the SVIP; therefore, static tests were not considered
to be useful. The failure was simulated by inserting a number 46 AWG (American
Wire Gage) wire, of 0.0018 in, diam,, through the orifice and screen. This
wire blocked 51.8% of the area of the orifice. Results of SVTP testing of this
failure are listed in section 1.4.2.

1,3.2 Failure Analysis of ALAR AGV 8400A

The failure analyasis of the ALAR AGV 8400A was approached
in the same manner as that of the Bendix AGV. 1In the ALAR AGV case, 24 failures
vere postulated; and only one was judged worthy of SVIP investigationm.

1.3.2,1 B8400A (ALAR AGV) Failure Case 1

Failure: Leaking bellows (Fig., 23: Item 18)
Result: Exhauat valve control of suit pressure
Simulation: Bellows plugs (Fig. 23: Items 13,

14, and 15) were replaced by screw with small hole drilled through the center.
Failure simylator was manufactured with the same physical dimensions as Item 15.




RSl MR At

P

A Table 1). The reader is reminded that the lower score indicates more desirable i

: The position of Item 15 was then carefully measured when the bellows spring
{ [Item 16) was properly adjusted, and the failure simulator was positioned
identically. -

Discussion: Under normal operating conditions,
a hole in the top of the ballows .aintains the interior bellows pressure
identical to the suit pressure. With a leaking bellows, the interior bellows
: pressure more closely resembled tha first-gtage regulation pressure. 7Two con-
; ditions result: First, the air from the first-stage regulator bleeds through
! the bellows directly into the suit without control. Control is established
by the exhaust valve. Second, the mass [Item 3] must overcome a greater force
5o“opcn fh. aormnal second-stage regulator control ‘port sealed by Item 19 (an
o' ring).

Under normal oparating conditions, the force generated by the action of
acceleration on the mass must overcome the force of two springs [Ttems $ and
16] and the natural stiffness of the bellows. In this fatlure case, it must
additionally overcome the force generated by the difference in pressure between
first-stage regulated pressure and suit pressure acting across an area equal to 1
the top of the bellowa. The result is a late pressuriszation start on the -4
pressure-G profile. The reaults of SVTP testing of this failure mode are dis-
cussed in section 1.4.3. ]

1.4 Standardized AGV Test Protocol (SVTP) usesting of Failures

Those induced failures judged worthy of serious consideration were ,
subjected to SVIP testing and GVALVPGM analysis. In the absence of adequate 9
data on failures in the field, the failures tested were derived from engineer-
ing evaluation. They were, by design, "soft failures" (those which did not
render the valve inoperative). Emphasis was placed on those fajilures which,
in addition, might not be detected during normal preflight checkout.

i L

1.4.1 SVTP Teat of Bendix AGV Failure #1

T e

Bendix Failure #1 is especially insidious becauvse it will
pass all normally prescribed static tests, including that performed after '
overhaul. The nature of the failure is described, in detail, in section 1.3.1.1.
For specific comparisons of the effect of this failure, all graphs and tables
in this gection may be compared directly to those in section 5.2 of PTAP
Volume I. Comparison of the total performance scores, shown on line 33 of
. the two PET's (i.e., 200.3 for the failure #1, compared with a normal 111.2),
; gives a quick indication of the effect (PET, Vol. I, Table 3; and PET, Vol. II, Poq

s s o am ircs i tiata L il

operating characteristics, and that the Ready Pressure Valve's (RPV) performance
score of 25.4 sets the standard for this report.

1.4.1.1 Bendix AGV Failure #1 Flow Characteristics (Figs. 24
and 2§i

Very little difference exists between the normal
flow characteristics and the failure flow characteristics. The differonce
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TABLE 1: BENDIX AGV FATLURE #1 PERFORMANCE EVALUATION TABLE

;.
7
2
]
E
.
g
I3

i

Elaci

TEST STANDARDS:

SPMIN = ,.40. PSIG

T ST

1. =
: 2. SPMID =" 70. PS1G
j 3. SPMAX = i20. PSIG
E 4. THETA = 20. DEGREES
6. 'SWMIN = 6. LITERS -
; 6. SVMID = 10..LITERS
6 7. SVMAX = ‘14, LITERS -
: ; e

CHARACTERISTIC NUMBERS:

8. XSPMX = 25000

o R A T AT T, e
-

9. XSPMN = 1.3333: o
10. XTHTA = 1.0000 . ;
: 11, DESION TOIAL, 4,83
y 12. XFLBR = 3.771°
3 13. XDELF:= 2.136"
4 14. XDDLF = 2;156.‘
3 15. XSIGF = 0.234
: ‘ 16. FLOW TOTAL: 8.297
2 ' : 17. XCC®1 = 26.238 o
! 3 18. XCDP1 = 36.986 : N §
3 19. XSGP1 = 1.453
1 20. XDPP1 = 1.464
: 21. LOW-ONSET TOTAL: 66.140
X 22. XCCP2 = 10.817
: 23. XDDP2 = 37.910
3 24. XDGP2 = 5.444
{ 25. XDPP2 = 5.294
E 26. XTDP2 = 13.242 ;
E 27. HIGH-QNSET TOTAL: 72.706 !
1 28. XIDPA = 9,548 : ]
, 29, XIDPB = 15.983 i

30. XIDPC 5.119
31. XIDPD = 17,86
32. SACM TOTAL: 48.337

33. VALVE: BENDIX FAILURE #1 TOTAL: 200,313

L - O AP A S AT
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TABLE 2. KEY TO SYMBOLS IN FIGURES 24 TO 86
[Symbols are shown as data points
on the curves. See footnote.]

S e I e T B

1 = 0,1 G/SEC G-ONSET RATE

‘ ) 2 = 0.5 G/SEC G-ONSET RATE
: 3 = 1.0 G/SEC G-ONSET RAIE
% 4 = 1,5 G/SEC G-~ONSET RATE
i | A = MAXIMUM DESIGN ANGLE

D = MEDIUM SOURCE PRESSURE, OR DECREASING
; (WITR RESPECT TO G)

'g I = INCREASING (WITH RESPECT TO G) OR P-IDEAL
: (ACMS)

N + MINIMUM SOURCE PRESSURE
: | | R = P-REAL (ACMs ONLY)
X

= MAXIMUM SOURCE PRESSURE

»
]

2~REAL LESS P-IDEAL OR G-ONSET

B N EDITOR'S NOTE: Due to the limitations of the 3
technique initially used, these symbols are

not always discernible on the respective
curves., In such cases, however, the symbols

are insignificant as compared with the close y
relationship obvious between the curves in i
each figure. 1

:

41
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between a normal 7.147 (Vol. I, Table 3, line 16) and 8.297 (Vol. II, Table 1,
; line 16) is primarily reflected in the source pressure influence scored on

' i lines 13 and 14. The same effect is apparent in ¥igure 26 (Vol. I) of the

; normal case and Figure 24 (Vol. IT) of the failed case, with the saturating
median-source-préssure open-flow curve.

3 % . 1.4.1.2 Bendix AGYV Failure #1: Low-Onset-Rate Charac~
- | ; : teristics (Figs. 26 - 29)

{ - Approximately 60X of the PET performance score

= difference occurred in the low-onset-rate test, and the majority of this change

3 ; occurred on line 17 (indicating poor linearity) and line 18 (indicating a

3 ; large source pressure influence). The cause of these high (undesirable) scores

3 ; may be readily seen in a comparison of Figure 28 (Vol, I) and Figure 26 (Vol. II).
; l The inability of the low and median source pressures to outrun the mass valve
leak rate (1.e., drive the output pressure above 3 psig and 6 psig, respectively)
degraded both linearity and source pressure response. Lines 19 and 20 of the
PET actually improved over the normal valve score. The saturcted pressures
actually reduced the 3 sigma of the data (in Fig. 27 of Vol. II compared to

that in Fig. 29 of Vol. 1), and the hysteresis (in Fig. 29 of Vol. II, compared
to that in Tig. 31 of Vol. I). '

g
e
"\
3

: 1.4.1.3 Bendix AGV Failure #1: High-Onset-Rate Charac-
3 teristics (Figs. 30 - 36)

Approximately 202 of the performance degradation,
reflected in the PET (Table 1), occurs in lines 22 through 27, The failure
case scores actually improved in the tests for 3 sigma (line 24), hysteresis
(line 25), and profile lag due to onset rate (line 26). In each case, saturated
output at' high-onset rates was essentially identical to the low-onset-~rate
output. However, the poorer performance shows dramatically on lines 22 (doubled

linearity score) and 23 (tripled source-pressure influence score). Figures 30-36
graphically represent these results,

1.4.1.4 Bendix AGV Failure #1 SACM Characteristics

The Simulated Aerial Combat Maneuver (SACM) test
is almost entirely self-comparative. Since the standard for comparison is
generated in the earlier tests, even very poor performance may score reasonably
well if it is consistent. As a result, only 17%Z of the PET score degradation
appears in this section. Figures 37 - 44 support these results.

IR AR 1.4.2 SVTP Test of Bendix AGV Failure #2

Bendix Failure #2 is an extremely probable failure.
Probably, the weakest link in the Bendix AGV system design is the minute ori-
fice which supplies pilot pressure to the regulator. Ewven though multiple :
N filters were used during SVTP testing, this orifice had to be cleaned frequently [
: T by the PTAP crew. The exact nature of the induced failure is described in ‘
f R detail in section 1.3.1.2. For specific comparisons of the effect of thia




T T T P, W P B T AT Ty B, T T

TR Midt»!, S

[°C 21981 03 39331 ,“4ay, 10 -V pue ‘X ‘q ‘N :9a® SaAIN)]
*aanssaad 22108 jo UOFIDUNJ .® S® 3[}yoad ainssead IIns 29s/y [°Q :I§ 2In[IeJ XFpudeg -g7 Indfi

: . (219

“ g L 9 S y £ . 4 0 o
o 0f M , 7 T T T \# T o %

N
-

J4NGS3¥d 1L1INS
45

(318d)

r

[
[~}
N

o A A R ¢t Wt ot s i SRR

B kradiiin’s dals

i i i e e kd o s Ga e W8 s 4 4t i aametn o e e RS O A woN

EPEK»&P&KE&.&E;..v,.ni.ﬁ,....,w'..,“5.%.: G L et ket 4 b i b A RS




T Fak
“aanssaid aranos

WYY VR I8 T P YK G YN i9ae seAing]

i ki Ay i MM B M iy
® sSe uopjerlea aanssaid 3IF

(U

ns 09s/9 1°Q0 :I§ 2InTFeJ XJpusg /g 2andTg

BWIIS 33Y¥HL
46

(918d)




o it b et S N e s e R e O A S b e it T o SR A S AL S Rac oo ot ¢ it A i s St

(*Z @1qel 03 I939x ‘LY, 104 °V puE ‘X ‘a@ ‘N :91e saain)] -ainssaid
23an0s Jo uworiuny e se ay7yjoad sanssexd 3yns 3upseardap d9s8/J T°0 1§ SINTFEF XTpusd  °ge 3an3td

(2319

]
T

\
4
¢
I
T
¢

«7

r
\
\
N~
1
2

\
JYNSSHYd 1INS

(318d)
i

¥l

et i

ki s

N
P

RS Peds L
RN )

P U S B R R I . o Ce s L ~

R etk 1l 5t £ Ed e n AT S b e SR e A e o B B 1 e B e T el . e e § e R s e L St




T R S T [T J1qEl 03 39331 , A3, I0Z Y puUB ‘Y °q °N 918 s9AIn)] ES
*21nsga1é 323108 JO WOTIDUNJ B Se STS21a3IsAy aanssaid IIns 298/9 [°Q [ PIn[YEJ XJpusg ‘6z 3ind1j
(2)9 3
1%
- "
e-
-
=)
o
T1- 2
A )
-~ pe4
- =
2]
-t
m
2
»
(2




[*z @1qel 03 12321 ,“£oY,, 104 °@y PUe ‘Ul ‘Iy ‘IT :°IE SIAIN)]
*gjea jIsuc jJo nomuuﬂnm e se uosjiedwod aTfjoiad 2anssaad ITIng :[§ IIN[FeI XFpuag ‘Qf 2iand¥4

(Z)3

o1 6 8 L s S y £ 4 1 0
L ¥ ¥ g

(SI1SA¥ILSAH)
UNSSIYY L1NS
49

(31Sd)

vy

NP TR
S0l i i

T T TR

A Sl i Ay 11 s = A D R ity iAol s it < s . e vt e i

ol e Sab ™ i e S i S e 28 e P AL 1




{*Z @1qeL 03 19321 ,,°4dY, 104 ‘% pue ‘g ‘z ‘1 :aie s’IAIND] _ S
*a3e1 3J3suo-) 3Jo uofIouny € se IYfJcid sanssaad JIng g aAnJyey XTpuld °Ig 2an314 R
()0
o1 ] 8 L 9 S ¥ E Z - 0 :
Ly T =T |uf o 4 i
— N ,.#,
— N .
1€
w
c
'n—
4y
m R
()]
w
15 S
m
. S % .
B
; / N
| 4 / °
P e e - / . $
/
4 / e ¢
/
/




pactan iy ) i e o T T b O, P U0 WO Mg > =7 ™. . o o o v o

[°Z 219eL 03 13331 ‘L3, 104 "y pue ‘g ‘7 ‘1 zo1E s3AINn) ]
-23®1 198U0-H JO UOFIJUNY B Se Ip/dP 1§ AnTIeJ Xjpuag °Zg¢ 2and4

(218
o 6 8 VAY. g

o)

--

-
~N
;
-t
o

N P~ Y

Vi)
:T.._ (i

;
N

90/ 40
51

l

2

N
(0/18d)

1
o0
N EUT IR

R i

T ST T

i Rt E b

PR it s b s b d B MR R il A b o imbn Arn 3 ¢ e et bamshen cnmm o o e . . e 4 ey rmis .

S Bl A0t B L 535 et s i 1 5700 5 A S O g0 NS 1 2 25 bt i r




b

"1°Z °TqEL 03 19391 k9N, 204 °V Ea m n z 1318 seAINy)

.uu:unuum ‘921IN08 JO UOFIdUNy v sw a7FJoid aanssaad Ins 998/9 G°T :I# @anIyeJ Xypueg ‘gf 2andrg

(239

o

c

4g =

—
3 2 o
3 > wn

m

101 o

[9)]

c

=

m

: et

(018d)

3
3
2
. Mm
s
4
i
A
: u_
1
3

i 51 avia

02

DR
T P ."v-
o Wi i R

‘

Abs-aina

|

et el 5 et b ot kS it 2o it e b s AL v ok b 1t 58 et s S 2




[°C w.naww., 03 13391 ,‘A9y, 105 ‘y pue ‘y ‘@ ‘N :91' saaAxn))
*2in8s$31d 32IN0S JO UOTIJUNY ¥ SP UOTIEPTIBA Inssaad Jyns 098/9 ¢'T 1§ danIyel Xypuag ‘¢ 2an8y3

(219 . :

8 L 9 S 4 € Z 1] _
.o— Jm T y M LI -— 1% 1] |

51

BWOIS 33¥HI
53

i

i
%
B

(0184d)

e bl Lot 8 4% IRt ot sl i B PR U i S L ens i ma e taL e raem e g s o

L B MNP W S S B gaes) PRI O TS ST

Sk L s M 1t G0 bt




BTSN R (TVSYSST Y T T SIS Ripesd V¢ sy T

34NSS34d LINS
54

(01Sd)

. o !
SR S T L AN AT P R T+ L P T A KTy T T I PE SR A -~ e} T L e Bt e he e g b e tind: ke e




B O e e e i
e e BTt e e e i

RIS T R

[*Z 21981 03 19321 W A9%, 10 °V pue ‘X ‘q °N :931e saain)]
+3Inssaid 22Inos jJo uofIdUN} B SE 815919384y 9anssaid IIns O9s/H ¢°1 3[4 AnTIeI XTpudg °9¢ 2In3T

(239

u\l

r-

3a

55

[

o bend

(S!183Y¥318AH) d BIN

i

S et et N i A

A e

T TR

< 8 . : LA v - B e e L T e~
. . - - P

ot 12l b R e 3 B el AR




e T L A v TV T
o5 7

i L

T ez o1qeL 03 19391 A9y, 104 °I PUB ¥ :9IE SIAIN)] ‘SWNTOA IINS UNWFXEW puE

21n9831d 92In0os WNWFUTW YITM uosTaedwod a[fyoad 2anssaid NS HOVS :[§ 2INTIRF XFpuag /¢ 2anSyq
(SJ33S) |

001 06 08 oL 09 0s oy
r

] Ll I L L) 1

R U 2

3YNSS3ud L1INS

36

(75301 ONH B3Y)

L
©
R Dl

1
(=2}
‘
.
SRS e

it 8 b M R MR .




[*Z @Tqel 03 IdJe1 ,“Kay,, 104 °¥ -ioae S3AIN)] °HOVS SUNJOA IINS WnUFXeW
" ¢3ins8a1d 22IN0S WNWUTW 3Y3 I0F IP/OP PUE UOFITFAIP 2anssaad Iyng :1y 2aInJfe3 xyjpuag °g¢ 2andyj

1 01 0 WOY3 10 § 40 TTHYD3ILINI

00S oSy 111} 4 0SE D0E 0582 002 0s1 go1 0s 1]
T T Y L T T T T T g-
- m' o
/ X ) ﬁl\ o
D m
z
T1- O —
. D
-
..ﬂ\\ T T T MO | " e | T T T , i =
0 —
11 m o
D
. — =
-3
i -
- £
™~
ny
. §-2-
1s-1-
g
g -3
a\ // qs0- © 4
r 1 L K T l\/\/\ 1..| = g — m
@ -
1s'a X -
2 2

L Al e S, 41 A 3 L LG Dot 28 e vt s s e e i Pt o e e ——— R 3




kb A S S o i i I e R ST Bt R BT OSIT C S e ‘.I.A e

[*T a1q8L 01 19321 ,‘Lay,, ..R...h. ‘I pue § :91I€ SIAIn . _
i : ) dWNTOA 3INns um w Pp:
aanssaid adanos waamnwﬁ Y314 nosyredwod arrjoad sanssead u._:uﬁ zo<m.n nﬁ*ﬁouaﬁﬂ“_wnwﬂvmm”

(83383 1

*6g 2an3yyg

001 66 . - 08 oL 09 0s or o 0z o1 0
LA T T ¥ B L T | 4 [ O B

58

(it oAk

—
(78301 ONB TH3¥) 3¥NSSIUd LINS

1
B s T

Wz 7%

01

B Ak B R R i R A Lt oo

T — i ket i AT

PR SO VO S X SR e T TP i it e e o o




R P I A O AT e

, « [*C 21981 03 39321 ‘Lo, 101 °y :91® S2AIN)] °HOVS SWNTOA IINS WNWIUTW
. ‘0anssaad 32In0S WNWIXEW 3Y3 10J IP/IP pu? ROTIBTAIp danssaad IFng :[f 2In[fEJ XJpusd Oy 2IndT4

B 1 01 0 WO¥3 10 9 40 TUYIIINI

0g0s oSy 11} 4 0SE 00E 082 002 0S1 001 0s g
r T T —T Y T T

83Y-d) 4 81130

-
L
(
1 1
o0 -
(8301-4 ONY

59

w
.

-t
|

S-0-

P
J
L
10/900
RN e i

(335/9)
i, a2y

N

i
¥

AR il A LR

3
;
h
I

EEN VI g ST T ST

a2 O LAt ot i i e 2 el il | L




P R ] R S R T DT o s i e S B S 18 T o . - T T R e S e = T y—— .- - B ——

. [*Z @Tqel 03 I333x W&oN,, 104 I pue Yy :o1e $9AIN)] °IUWNTOA JITNS pue
aanssaid 221n08 UEpau YITA uosyiedwod a[yjoid ainssaad IINS ROVS [§ PINTFEF XPPURdE 1Y aandyg

(s33s) 1

got g6 g8 0L 09 gs or oe 02 01 i

T T T T L 7 T T T 1]

T —

A nad

(18301 ONB 183Y¥) 3¥NSS3¥d 1INS

s

PSR SRR SR

e o o R A (e i el e e A i i




* el oMM N Do ] podl

St B i e i S el

m
S ey 21 SR

[*Z ?1q¥L 03 19391 ,‘£aY, 104 ‘4 :31e 8aAIN)]

‘WOVS 2unioa 1Ins pue

2anssa1d 32IN0S UFPAW Y3 103 IP/IP PUT UOTIETAIP 2anssaid JIng ‘1# °anjyej xjpueg °zy 2an3yj
1 01 0 HO¥4 10 9 30 THYIIINI

00s 0sr et} 4 0sS€ 00€ 082 002 0s1 gol 0s G

¥ R ¥ ¥ L L) 1) L] L [}

L] ¥ ¥ ’ / r\ L4 ' ' | !
-
.
\/ P > > 1
f T L e T Y .1//lll\\1 T 1 All//ﬁllLHIIIIIlI\\\lq \ArlllLM¥
: 4

S-2-

2

S°0-

S0

(1830I-4 QONB
1593¥-d) 4 51130

10700

(33S/90)

61




g [*Z @19BlL ©3 193°1 ,‘4A9y, 104 °1 pued§ :3l1¢ S3AIN) ]
W “JUSWAUL[eSTU 103094 H YIIm uosyieduoo o1yjoad aanssaad JIns WOVS 1§ INTTEF XIpUSY ¢ 21n314
“ .
! {8238) 1
001 86 g8 oL 09 gs or
o7 1 L 1 LA
. i
- —
=
o
AR
W
c
3
™
=
; ™
1 2
D
Z
o
4, ~
=
m
D
=
; ] ‘
16

i PRTUUICRNI PP f mmene e e meme

S 2 i L ) Ak S Fo Rt e e e D e




T R T T R T T T T RIRY

y

TR T

R R s

"HOVS FUSWSUI[ESTW 103594 H 103 Ip/IP PuE UOEIPFAdp 2anssaxd JITng

[*Z @21qel 03 19391 ,“L3Y, 104 °4

4 041 0 WO¥d 10 9 40 TJYOIINI

00¢E 1:74 002 0s!
T T T

:91e mwaﬂuu

114 @IaTFe3 XTpudy

gol

*yy 2In3T4

R

s L o, Ao 4 LI

(183014 ONY
1834-d) 4 41130

hed

32~

10/00

(335/90)

€3

At 0 weslikihe Yn

TR R A

ol S

ST i

%
k.

Ak




em T

T

Y TR

a2

b AR e T T

failure, all graphs and ::Lles ma 'ba directly compared with those of seution 5.2 é?

in Volume 1. A comparison of the total parformance scores shown on line 33

of the twvo PET's (i.e., 144.9 for failure #2, Table 3 compared to a normal 111.2,
Fig. 3, Vol. I) zives a quick indication of the effect. The reader is
reminded that the lower score indicates the more desirudble operating charac-

teristics, and that the RPV's performance score of 25.4 sets the standerd for
this report.

1,4.2.1 Baendix AGV FAilure #2 Flow Characteristics
(Figs. 45 - 46)

Very little effect of the failure is apparent in
the flow characteristics, as evidenced by lines 12 through 16 of Table 3 (cor-

respoading to Table 3, Vol, I), and the open-flow curves in Figures 45 and 46.

1.,4.2,2 Bendix AGV Failure #2 Low-Onset-Rate Characteristics
Figs., 47 - 50

Examination of lines 17 through 21 of Table 3
indicates Bendix Failure #2 exhibited an only slightly better performance than

a normally operating valve. It is doubtful this improvement is real. The
reader is reminded that the nature of this failure has absolutely no effect
in static situations. The pilot 'pressure" is not restricted, only the flow
into the chamber containing that pressure. As a result, the 52X scclusion
did not prevent pilot pressure from reaching required levels on the 0.1 G/sec
profiles. Figures 47-50 graphically represent these results.

1.4.2.3 Bendix AGV Failure #3 High-Onset-Rate Characteristics

The majority of the performance decrement (71%
according to the PET, Table 3), resulting from Bendix Failure #2, occurs in
the high G-onset tests. The reduced rate of flow into the pilot pressure
chamber is apparent in increasing delays as the onset rate increases (Fig. 52).
These increasing delays naturally affect linearity (line 22 of the PET) and
source pressure influence (line 23 of the PET, and Fig. 54).

1.4.2.4 Bendix AGV Failure ##2 SACM Characteristics
(Figs. 58 - 65)

The late precsure rise characteristic of this
failure is very apparent in the SACM tests. Approximately 322 of the PET
score decrement occurs in these tests. The self-comparison did not mask this
fatlure, since its effect was not apparent at low G-onset rates.

1.4.3 SVTP Testing of ALAR AGV Failure

The exact nature of ALAR Fallure is described in detail in
section 1.3.2. For specific comparisons of the effect of this failure, all
graphs and tables in this section may be compared directly to those in section 5.1
of Volume I. A comparison of the total performance scores on line 33 of the
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BENDIX AGV FAILURE #2 PERFQRMANCE EVALUATION TABLE

TEST STANDARDS:

1, SPMIN = 40. PSIG

2. SPMID = 70, PSIG

3. SPMAX = 120. PSIG

4. THETA = 20. DEGREES
5. SVMIN = 6, LITERS

6. SVMID = 10. LITERS

7. SVMAX = 14, LITERS

CHARACTERISTIC NUMBERS:

8. XSPMX
9, XSPMN
10.  XTHTA
11,

12. XFLBR
13. XDELF
14, XDDLF
15. ¥SIGF
16. -

17. XccCPl
18. XDDP1
19. XSGP1
20. Xpeel .431

21. W-ONSET TOTAL: 9.316
22. XCCp2 9.837

23. XDDP2 = 30.250

24. XSGP2 9.273

25, XDPP2 8.790

26. XTDPZ = 20.415

2. HIGH-ONSET TOTAL: 78.566
28. XIDPA 5.460

2%, XIDpB 9.032
30. XIDPC 6.338
31. XIDPD = 23,108

32 SACM TOTAL: 43.938

33. VALVE: BENDTX FAILURE #2 TOTAL: 144.898

2.5000
1.3333
1.0000
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total performance scores on line 33 of the PETs (Vol. I, Table 2; and Vol, II,
5 , Table 4) indicates the performance decrement is not too serious. The value
4 A of the accompanying curves is readily apparent in this case.

f ; 1.4,3,1 ALAR AGV Failure #1 Flow Characteristics
4 - (Figs, 66 - 67)

The decrement in open-flow performance accounts
for 102 of the PET score reduction. The leakage flow through the bellows and
the very late initiation of pressurization are apparent in Figure 66. The
latter characteristic is primarily responsible for the higher (less desirable)
total score on line 12 of the PET (Table 4).

T e P

1.4.3.2 ALAR AGV Failure f#f1 Low G-Onset-Rate Characteris-
tics (Figs. 68 - 71)

ALAR failure #1 resulted in a very slight, but
recognizable improvement in low G-onset performance. Apparently, the leakage
induced through the bellows was enough to fill the median-sized anti-G suit
(AGS), used during the 0.1 G/sec onset-rate tests. During normel operationm,
the mass (Ttem 3, Fig. 23, section 1.3) seals the exhaust valve (Item 10,

: Fig. 23) at 1.4 to 1.5 G. Normally, pressurization begins considerably later,
f as the acceleration force on the mass opens the inflation valve (Item 19,

3 Fig. 23). 1In this failure case, the leakage flow fills the suit much earlier,
k forcing exhaust-valve control cf the suit pressure at all times (i.e., during
4 , both 2scending and descending G profiles). The result is some improvement in
linearity and a significant improvement in hysteresis (Vol. II: Fig. 71; and

Vol. I: Fig. 10). o
LA

e o i P o R gy

T o R RS e i B i B i e 2

] 1.4.3.3 ALAR AGV Failure 1 High G-Onset-Rate Characteris- L
: tics (Figs. 72 - 78)

' , The high G-onset-rate performance of ALAR failure

i #1 suffers a slight cverall decrement from normal operation. The late turn-on | -;

3 o is very apparent in Figure 73, resulting in a degraded linearity (line 22) and

1 onset-rate influence (line 26) scores or the PET (Table 4). The source-pressure i

A influence (line 23) and 3 sigma (line 24) scores in Tcble 4 were improved :
Sy because of the concentration of activity (and error) around the 6-G level. e

R L R SRR

et

1.4.3.4 ALAR AL, Failure #1 SACM Characteristics

Most of the PET score degradation c¢hcurs on the
SACM tests. Since the ideal pressures are derived from the 0.l G/sec tests,
the large responge deadband induced by this failure resulted ‘n a ve:y poor
comparison. Examination of Figures 79, 81, 83, and 85 discloses the very
good descending-G response of this failure and the very poor ascending-G

response.
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TABLE 4. ALAR AGV FAILURE #1 PERFORMANCE EVALUATION TABLE

TEST STANDARDS:

1. SPMIN = 30. PSIG ;
2. SPMID = 125. PSIG :
3. SPMAX = 300. PSIG :
4, THETA = 20. DEGREES :
E, SVMIN = 6. LITERS
6. SVMID = 10. LITERS
7. SVMAX = 14. LITERS

CHARACTERISTIC NUMBERS:

8. XCIPMX = 1.0C20
9. XSPMN = 1.0000
10. XTHTA = 1.0000 r
11. DESIGN TOTAL: 3.000 ;
12. XFLBR = 3.919 %
13.  XDELF = 2.029 :
14, XDDLF = 2.231 4
15. XSIGF = 0.39€ @
16. FLOW TOTAL: 8.575 . 2
17.  XCCP1 = 0.012
18. XDDP1 = 0.896 o
19. XSGP1 = 0.909 L
s 20. XDPP1 = 0.651 .
: 21. LOW-QISET TOTAL: 2.468 O
22. XCCP2'= 6.095 o
, . 23. XDDP2 = 2,128
k f 24. XSGP2 = 1.687
: 25. XDPP2 = 4.449
‘ 26. XTDP2 = 16.328
f 27. HIGH-ONSET_TOTAL: 30.687
i 28. XIDPA = 3.723
| 29. XIDPB = 6.670
: 30. XIDPC = 5.192
| ! 31. XIDPD = 6.361
; : 32. SACM_TOTAL: 21.946

: - 33. VALVE: ALAR FATILURE #1 TOTAL: 66.676

1.4.4 SVTP Failure Testing Conclusions

All three of the AGV failures tested were clearly indicated
on the PETs (Tables 2, 3, and 4) and supported by GVALVPGM graphic documentation.
The authors agree that e system is somewhat subjective, and could probably be
improved with extended study (i.e., by analyzing the results from a much larger
number of valves). ' ’
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2. SPECIFIC EQUIPMENT EVALUATIONS

2.1 The CWU-9/P Undergarment G-Effects Tests

The item under test was a two-plece, quilted, anti-exposure
undergarment designed to be worn under a flight suit. The jacket, designated
the "Liners, Flyers, CWU-9/P Jacket," was manufactured by Gibralter Industries,
Inc. The trousers, designated the "Liners, Flyers, CWU-9/P Trousers," were
manufactured by Lankford Manufacturing Company, Inc. Both garments were of
"medium" size and were labeled in accordance with MIL~L-27546C (Naval Publi-
cations and Forms Center, 5801 Tabor Ave., Philadelphia, Pa. 19120).

The purpose of these tests was to establish the relative anti-G suit to
skin interface force difference (if any), with and without the exposure suit,
over a sp: 1 of sult pressures.

2.1.1 Test Instrumentation and Calibration

For these tests, a 0 to 30 psia transducer (Giannini
model 451212-4) was used to monitor anti~G suit pressure. This transducer
was calibrated from 7 to 10 psig, prior tc each work shift, using the pressure
calibration system ingtalled in the USAFSAM/VNB centrifuge facility.

The transducers used to monitor anti-G suit to mannequin interface force
were Houston Scientific Model 1200-15C force gages especially calibrated for
this purpose [Houston Scientific (the HSI Corporation), 4202 Directors Row,
Houston, Tex., 77018]. These for-e buttons were calibrated prior to each work
shift, for a 0~ to 10-1b span, using a lead weight.

All data from these tests were recorded on the USAFSAM/VNB Control-Room
Brush~-Chart system. Data were recorded on six channels: suit pressure, right

thigh force, left thigh force, right calf force, left calf force, and abdominal
force,

Anti-G suit volumes were determined using the "known volume-pressure drop
system" developed by Technology Incorporated for this purpose,

All tests were conducted under static (1 G,) conditions; for, as previously
determined, a Gz field would have no significant influence on the test data or
validity. Prior to each test series (with, or without, exposure suit), the
suit was so fitted to.the mannequin that the suit volume was *7,7 liters, to
provide unifoimity of the suit fit on the mannequin.

2.1.2 Test Methods

The test subject for these tests was a Fiberglas mannequin
with strain-gage-type force buttons mounted in the abdomen, left and right
thighs, and left and right calves. The mannequin was fitted with a CSU 13A/P
"medium" anti-G suilt, and the suit volume adjusted to 7.7 liters. The mannequin
was mounted in a seat and the suit was evacuated with a mild vacuum. Suit
pressure was then slowly increased, in l~psig steps, from 0 to 10 psig, and
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corresponding force-gage readings were recorded. Two more sets of data, taken
in this configuration, were recorded with measurements at 0, 5, and 10 psig.

The anti-G suit was removed from the mannequir and the exposure suit
installed. The anti-G suit was installed over the exposure suit and readjusted
to a 7.7 liter fit. A set of data identical to the first test (without expo-
sure suit) were recorded. Three separate iterations of thils test sequence
were made to establish an adequate statistical data base,

2.1.3 Dcta Presentation

The data from the foregoing tests were taken from the Brush
charts at each test point and were recorded in tabular form. These data are
presented in Tables 5 - 10,

The minimum, mean, and maximum data points for each test pressure point
were calculated and normalized for each force-button location (Figs. 87 - 91).

2.1.4 Discussion and Conclusions

The data in Figures 87 - 91 show graphiceaily the results
of these tests. Previous testing by this contractor has shown that the force
buttons, used to measure interface force, exhibit good linearity and fair
repeatability from one run to the next--as long as the suit is not moved on
the mannequin. If, however, as in these tests, the suit is removed and rein-
stalled, a significant change results in the pressure-force data. For this
reason, several runs were made and mean values used. The maximum and minimum
data points for each test pressure are also siown to indicate the amount of
variation in data. We suspect that this variation is caused by slight dif-
ferences in the location and orientation of the suit bladders to the force
buttons. Slightly more variation appears in readings when the exposure suit
is installed than when it is not. This variation is probably due to the tend-
ency of the suit bladders to slip more on the surface presented by the expusure
suit.

Also, the force buttons seem to have a tendency to exhibit a slightly
higher force when the exposure suit is installed. In the opinion of the
investigating team, this in<rease is a product of the measurement technique
and does not predict a real increase in force on a human subject. We suspect
that this effect is caused by the exposure suit forming a small "tent" over
the force button, which protrudes above the surface of the mannequin skin,
presenting a slightly larger contact area to the suit bladder. This judge-~
ment is empirically based on results of previous testing with these force
buttons. Also, the mannequin is a comparatively rigid body, and only approxi-
mates the condition of the anti-G suit to human interface--facts which should
be considered when applying the results of these tests to results with a
human subject.

Lacking clear correlation between the CWU~9/P and the changes in suit

to mannequin interface force in these t:ost results, we concluded that the
exposure suilt had no significant effect on anti-G suit performance.
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Thigh
0.18

0.8
.55

1
2
2.95
3

A N

~J (<, (33
. . L

~

.05

0.05
3.7

TABLE 5.
Ps ABDOVEN
0 0
)
2 1.4
3 2.1
4 2.6
5 3.2
6 3.8
7 4.4
8 5.0
9 5.5
10 6.1
0 0
5 3.2
10 6.05
0 0
5 3.2
10 5.95

Ps = source pressure

6.85
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FIRST SET OF RUNS WITHOUT EXPOSURE SUIT

EFT

———

calf
0.3
1.3
2.1
3.0
2.85
4.7
5.6
6.45
7.4
8.2
9.1

0.25
4.6
9.0

0.25
4.9
9.1
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SECOND SET OF RUNS WITHOUT EXPOSURE SUIT

ABDOMEN LEFT RIGHT
Thigh calf  Thigh  calf
-0.05. 0 0.15 0.35 1.1
0.6 1.0 1.1 1.3 1.8
1.3 1.8 1.95 2.0 2.45
1.9 2.0 2.9 2.85 3.2
2.5 3.3 3.7 3.6 3.9
3.1 4.0 4.6 4.3 4.6
3.6 4.8 5.5 5.0 5.3
4,2 5.4 6.35 5.7 5.95
4.8 6.1 7.2 6.4 6.6
5.35 6.8 8.0 7.0 7.3
5.95 7.5 8.85 7. 7.95
-0.05 0 0.2 0.35 1.1
3.1 3.95 4.7 4.2 4.7
5.95 7.45 8.95 7.6 8.0
-0.05 -0.05 0.15 0.35 1.15
3.1 4.0 4.8 4.3 4.65
5.95 7.45 9.05 7.6 8.0
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TABLE 6.
RN Ps
1 0
1
2
3
4
5
6
7
8
9
10
2 0
\ 5
10
i
i 3 0
g 5
A
‘ g 10
5 Ps = source pressure
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RUN

TABLE 7. THIRD SET OF RUNS WITHOUT EXPOSURE SUIT

ks ABDOMEN
0 0.05
1 0.8
2 1.55
3 2.15
4 2.8
5 3.4
6 4.0
7 4.65
8 5.2
9 5.8
10 6.35
0 0

5 3.3
10 6.3
0 0

5 3.2
10 6.2

Pg = source pressure

LEFT
Thigh calf
0.05 0.15
1.05 1.2
1.9 2.2
2. 3.15
3.5 4.1
4.2 5.0
5.0 6.0
5.75 7.0
6.5 7.8
7.15 8.75
7.8 9.6
0.05 0.2
4.25 5.1
7.88 9.55
0.05 0.25
4.2 5.15
1.8 9.6
114
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RIGHT
Thigh  Calf
0.45 0.45
1.55 1.15
2.5 1.75
3.2 2.3
4.1 3.0
4.95 3.6
5.7 4.3
6.6 4.95
7.25 .5
8.0 2
8.7 6.7
0.5 0.5
5.0 3.7
8.8 6.7
0.5 0.5
5.05 3.65
8.8 7.75
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TABLE 8. FIRST SET OF RUNS WITH EXPOSURE SUIT

Ps = snurce pressure

RN Ps ABDOMEN
1 0 0
1 0.7
2 1.3
3 2.0
4 2.6
5 3.2
6 3.8
7 4.3
8 4.9
9 5.5
10 6.0
2 0 0
5 3.0
10 5.9
3 9 0
5 3.1
10 5.9

Thigh

0
0.8
1.6
2.4
3.2
9
Jg
.35
.2
.8
.55

N OO o0 AW

w

.85
7.55

w

.95

LEFT
Calf

0.15

w A w W NN

0.25
5.3
10.1

0.25
5.4
10.1

R T T T

o

RIGHT
Thigh Calf
0.4 0.9
1.3 1.4
2.2 2.0
3.0 2.6
3.8 3.2
4.6 3.8
5.4 4.4
6.1 4.95
6.9 5.5
7.6 6.2
8.3 6.6
0.4 0.9
4.6 3.7
8.3 6.5
0.35 0.95
4.65 3.8
8.25 6.35




4!!"!’!"!
|
TASLE 9. SECOND SET OF RUNS WITH EXPOSURE SUIT |
RUN Ps #BDOMEN LEFT RIGHT |
1 0 0 0 0.2 0.35 1.2
1 0.5 1.0 1.15 1.4 1.9
2 1.15 1.85 2.15 2.4 2.56 i
3 1.7 2.6 3.05 3.25 3.2 i,
a 2.3 3.6 4.0 4.15 3.85 ?-_
2.85 4.1 4.9 4.9 4.5 ;
6 3.4 4.85 5.7 5.7 5.1
i 3.95 5.6 6.7 6.5 5.7
8 4.6 6.3 7.45 7.25 6.3
9 5.0 7.0 8.35 8.0 6.85
10 5.6 7.7 9.2 8.75 7.4
F
2 0 0 0 0.3 0.4 1.3
| 5 2.75 4.0 2.9 5.0 4.85
,; 10 5.5 7.6 9.25 8.8 7.1
3 0 0 0 0.35 0.4 1.3
5 2.8 4.1 5.0 5.05 4.3
o 10 5.5 7.7 9.25 8.85 6.9

s =

PS = sgurce pressure
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TABLE 10. THIRD SET OF RUNS WITH EXPOSURE SUIT

RUN Ps ABDOMEN RIGHT
Thigh Calf  Inigh  Calf
1 0 0 0.05 0.25 0.45 0.95
1 0.85 1.2 1.2 1.6 1.3
2 1.6 2.2 2.0 2.6 1.65
3 2.4 3.2 3.0 3.6 2.0
4 3.1 4.1 4.0 4.6 2.3
5 3.9 5.0 4.85 5.6 2.6
6 4.5 5.8 5.75 5.5 2.85
7 5.3 6.7 6.5 7.4 3.15
8 6.0 7.5 7.4 8.3 3.4
9 6.5 8.4 8.3 9.3 3.65
10 7.35 9.15 9.15 10.05 3.8
2 0 0.1 0.05 0.35 0.50 1.15
5 3.75 5.1 4.8 5.7 2.55
10 7.2 9.2 9.5 10.0 3.7
3 0 0.05 0.05 0.4 0.5 1.0
5 3.8 5.0 4.9 5.4 2.55
10 7.35 9.2 9.2 10.1 3.7
Pg = source pressure
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FORCE (1bs)

E-3

/ MAX W
/

MAX W/0
MEAN i
MEAN W/0 !
MIN W/ :

»
o
td

MIN W

- .=~~~ Data with exposure suit

-------- Data without exposuve suit

=3
-
b

Figure 87. Normalized exposure suit abdomen force.

. L -y
1 2 3 4 5 6 7
SUIT PRESSURE (psig)

[Key: W = with suit; W/0 = without suit.]!
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FORCE (1bs)

10
MAX W

MEAN W
AMAX W0
8 NIN W
SMEAN ¥/0
27 ANIN W/0
7 - ’
.S
s |
4 o
3

2 -—-——— Data with exposure suit
-------- Data without exposure suit
1
0 i i A ~d 1 -4 L J
3 4 5 6 7 8 9 10

SUIT PRESSURE (psig)

Figure 88, Normalized exposure suit right thigh force.
[Key: W = with suit; W/0 = without suit.]
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FORCE (1bs)

Data with exposure suit

P
~nN

------ Data without exposure suit

[ . SUIT PRESSURE (psig)

s

Figure 89, Normalized eaposure suit left thigh force.
[Key: W = with suit; W/O = without suit.]
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FORCE (1bs)

RN, Sl e Sl .5 b 5 e 3

aTh e R

10 p-

Data with exposure suit

MAX W
MEAN %/0

MIN W/0
MEAN W

/nmu

Figure 90. Normalized exposure suit right calf force.
[Key: W = with suit; W/0 = without suit.]
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------ Data without exposure suit
1 1 1 1 i 1 1
4 5 6 7 8 9 1
SUIT PRESSURE (psig)
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lor MAX W
MEAN W
9}
MIN W
sf L MAX W/0
d
”) MEAN W/0
7k 7/
7 L MINW/O
’/
,
°r
5 -
2
w
Eor
3 b
Data with exposure suit
s
2 s e Data without exposure suit
1
0 1 - ' . 'R ' ' )
3 4 5 6 7 8 9 10
SUIT PRESSURE (psig)
-1 4

Figure 91, Normalized exposure suit left calf force.
[Key: W = with suit; W/0 = without suit.]
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2.2 G-Sensitivity Evaluation of the Statham PML31TC Pressure Transducer

The purpose of this test was to quantify the acceleration sensi-
tivity of the Statham model PM131TC pressure transducer (Gould, Inc., Measure-
ment Systems Div,, Oxnard, Calif.). Linearity and sensitivity were also

evaluated.

2,2.1 Test Configuration for the PM131IC Pressure Transducer

All tests were conducted with the tranaducer installed in
the gondola of the USAFSAM human centrifuge. Pressure stimulus was provided
by the Datametrics pressure calibration system, installed in the gondola
[Datametrics (a subsidiary of ITE Imperial Corp.), 340 Fordham Rd., Wilmington,
Mass. 01887]. All stimulus pressures were maintained at the stated value,
0,02 psig. Excitation for the transducer was applied through the centrifuge
slip-rings from a laboratory power supply located in +the control room and
maintained at +5.0 * 0.02 VDC. For purposes of acceleration testing, the
axes of the transducer were defined as: +Z with the pressure port vertical
and on top of the transducer, +X parallel to a line from pin 4 to pin 2, and
+Y parallel to a line from pin 3 to pin 4. The PMI31TC was so mounted in the
gondola as to experience the same acceleration forces as the gondola accelerom-

eter.

2.2.2 Test Protocol of the PMI31TC Pressure Transducer

The linearity and sensitivity of the PMI31TC were deter-
mined by manually recording the transducer's response to stimulus (in 1.0-psig
steps) from 0 to 20 psig, both ascending and descending. The acceleration
sensitivity was determined by subjecting the transducer to three ascending
and three descending 0.1 G/sec acceleration profiles from 1 to 11 G along each
axis, in each direction, with 0-, 10-, and 18-psig stimulus applied., This
protocol resulted in 108 recorded acceleration data runs.

2.2.3 Data-handling Techniques for the Performance Evaluation
of the PM131TC Pressure Transducer

The data from the linearity and sensitivity tests were
analyzed using a TI59 hand calculator. First, the mear and hysteresis were
calculated, in 1-psig steps, fcr each ascending and descending pressure pair.
The maximum hysteresis in all six sets of data was determined in l-psig steps.
Finally, a 62-point (the 63rd point was lost) linear regression was run of the
ascending and descending means first calculated.

Data from the G-sensitivity tests were recorded on analog magnetic tape,
converted to digital data in the USAFSAM/BRP analog laboratory. The digitized
data was then processed through the BRP d’gital facilities. All data in each
set (for three ascending and three descending runs, testing a particular axis
sensitivity at a particular pressure stimulus) were ncrmalized tn the mean of
all 1-G data. The mean and the *30 points for all higher G levels in that set
were then calculated and plotted (Figs. 92 - 109). In each case, the abscissa
represents the acceleration level, while the ordinate represents the deviation
in equivalent psig from the 1-G cutput of the transducer.
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2.2.4 Performance Evaluation of the PML31TC Pressure Transducer

The PM131TC (serial no. 3644), using 5.00 VDC excitation. :
responds as:

E = 0.9415 P + 0,6458,

where E is the output voltage in millivolts, and P is the pressure stimulus in
pounds per square inch. The maximum hysteresis was 0.04 mV at 6 psig, consti-
tuting 0.13% of full scale. The maximum deviation from the least squares
straight line through the data was found at the same point and was 0.06% of
full scale.

The only axis indicating any significant acceleration sensitivity was
the Z axis, with up to 1% of fuL l-scale (i.e., up to 0.2 psig) error occurring
(i.e., a maximum of 0.1%Z/G, or 0.02 psig/G). The -X axis and +Y axis show
inconsistent tendencies to respond to acceleration but at lower levels, Since
these errors, at 10 G, are on the order of ten times the apparent accuracy of
the transducer, the investigator is cautioned to consider thelr effect on his
data.

2.3 Ready Pressure AGYV Msnnequin Test

The performance of the ready pressure valve (RPV) has been tested
and analyzed by SVIP and GVALVPGM (refer to Vol. I, section 5.4). The obvious
extension of that analysis is to investigate the application of the protective
pressure at the equipment-subject interface.

That interface was simulated using a CSU-~13A/P anti-~G suit on a Fiberglas

mannequin., The transfer of protective pressure was monitored, using four force
gages located on the abdomen, left thigh, right thigh, and right calf.

2,3.1 RPV Mannequin Test Protocol

The RPY mannequin (RPM) test was conducted in four phases
on the USAFSAM human centrifuge. During each phase, a CSU-13A/P AGS was
mounted on a Fiberglas dummy which was equipped with surface force gages.
These force guges were on the abdomen, left thigh, right thigh, and right
calf. The mannequin was mounted in an upright seat in the centrifuge gon-
dola. (The instrumentation configurations and calibration are essentially
described in Vol. I, section 3; and in Vol. II, section 2.1.)

Phase I generated the ideal (I) or control case which served as a base-
line for detecting change in performance. In this phase, the valve-suit-
mannequin system was subjected to three trapezoidaul C 1 3/sec G profiles. The

source pressure to the AGV during this phase was 125 psig.

Phase II generates the median (D) data set, using a valve source pressure
of 125 psig, and a set of three 1.5 G/sec (High G) trapezoidal G profiles (i.e.,
a linear increasing G profile followed by a linear decreasing G profile).

Phase II generates the maximum (X) data set, using 300 psig for valve
source pressure and a High G profile set.
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Phase IV generates the minimum (N) data set, using 30-psig source pres-
sure with the High G profiles.

2.3.2 Description of the RPV Mannequin Test Data

Analog data recorded at the USAFSAM/VNB centrifuge facility
is converted to digital data, using the USAFSAM/BRP analog~to-~digital support
facility. The digitized data, recorded on magnetic tape, serves as a data
base for the RPM program. The 0.1 G/sec onset data (group I) is digitized at
20 samples/sec, thus giving approximately 2,000 samples for one increasing or
decreasing low-G-onset data set, The 1.5 G/sec onset data (groups D, X, and
N) are digitized at 80 samples/sec, which gives approximately 500 samples for
one increasing or decreasing high-G-onset data set.

The six channels of data digitized and processed by the RPM program are:
a) acceleration;
b) suit pressure;
c) abdomen force;
d) left thigh force;
e) left calf force; and
f) right thigh force.
The data sets collected consisted of:

a) five sets of data, collected as calibration (CAL) runs; those
CAL runs pertinent to this study are:

Run l--acceleration at 1 G, suit pressure at O psig, and
the four force-gage channels at ( psi;

Run 2--acceleration at 10 G and suit pressure at 10 psig;
and

Run 5--the four force-gage channels at 9 psi;

b) a total of six data sets, collected on each of the four test
cases listed in section 2.3.l--three on the increasing slope of the trapezoidal
profile, interspaced with three sets collected on the decreasing slopes. Prior
to digitizing the test data set, the CAL runs were digitized at the sampling
rate required by the G-onset rate used in the particular test case. In all
test cases, data were collected at G-intervals of: 1 -~ 11 G (increasing), and
11 - 1 G (decreasing). The G intervals used in the RPM program are: 1 - 10 G
(increasing), and 10 - 1 G (decreasing),
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2.3.3 Data Analysis

he computer program designed to analyze these data is
designated the "RPM Program." It assumes the first sets will be the CAL runms,
and reduces them .. an arithmetic mean and a standard deviation. The standard
deviation is checked for excessive variance (a value of greater than 2.5333).
If excessive variance is found in the CAL runs, the following data are con~
sidered invalid and new data aie required for further processing. Otherwise,
RPM begins data process .ag.

Then, each test data set is calibrated using the means reduced from the
CAL runs, and is assigned .he values of the standards stimulating that channel
on that run. The formulns utilized in data calibration arve:
Gl = (RH-RL)/(CH-CL)
G2 = Rd - (Gl) x (CH).
Then, the calibrated value = Gl x (digitized value) + G2,
where RH = real high,
RL = real low,
CH = actua: calibrated high, and
CL = actual calibrated low.
Values used for normalizing the force gage channels to the suit pressure

channel are then calculated. These values are taken directly from the cali-
brated data sets, according to the following formulas on each test data set:

NORML = N. = Low norm value = Y% of first val of 3 incr G rums
L 3

NORM2 = N, = High norm val = sum of first val of 3 decr G runs
H 3

The remainder of the RPM Program works with data points selected from
the calibrated data sets. From each channel, of each run, for each whole G
value (i.e., 1, 2,..., 10), 2 mean is calculated for digitized data within the
span G t 0.05. These mean values are then entered into an array designated
the "H" array.

Each column pair (i.e., the ascending and descending partners in a trape-
goidal prufile) of the H array is normalized according to the formula:

o= - - - -

¢i = (Fi - F1) (N, N/ (Fy - Fp) = N,
in which

C1i = corrected array element value,

Fi1 = original array element value,
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F, = the first array element in the ascending column (corresponds in
time to NL)’

F, = tha last array element in the descendiung column (corresponds in

time to NH),
NL = 10w normalization value (as already explained), and
NH = high normalization value (as already explained).

At this point, one full (calibrated and normalized) test case has been
stored in the holding array (H) in such a manner that the number of values
around each G-level is known. An arithmetic mean is calculated for each of
six runs at each G-level and stored in the "A" array. This A array is dimen-
sioned A(10,5,8) or A(G-level, data channel, table), where data channels 1 to
5 are: l--suit pressure; 2--abdomen force; 3--left thigh force; &4--left calf force;
and  S5--right thigh force. [NOTE: Information from the original channel 1
(acceleration) is contained in the gravity-level dimension of this array.]

The eight tables of the A array are filled so that:
a) Test Case I yields Tables 1 and 2,
b) Test Case D yields Tables 3 and 4,
¢) Test Case X yields Tables 5 and 6, and
d) Test Case N yields Tables 7 and 8,

The odd-numbered tables will contain increasing run data, and the even-numbered
tables will contain decreasing run data. Each table of the A array contains
the sum of the C averages about each G level (1 - 10, and 10 -~ 1) for three
runs., [NOTE: each test case is made up of three runs increasing, and three
runs decreasing.] The cells of the A array are now divided by three to give

the average pressure for the three runs they (the cells) represent,

Since the first test case is considered to be the optimal case, the com-
parison of the suit pressure and the four bladders, in test cases D, X, and N
to test case I, is of special interest. Therefore, an R array is set up such
that the various tables (6 in all) hold the residuals from the optimal case
(or test ca: - I).

2.3.4 Data Presentation

The output of the FPM Program consists of 10 tables and
10 graphs. Tables 11 - 15 contain the reduced data (from the program's A array)
for the suit pressure and the four force gages. The columns represent the
test conditions, while the rows represent the discrete G-levels at which the
data were averaged. Figures 110 - 114 (graphic representations of Tables 8 -
12, respectively) permit easier visual interpretation of what is really happen-
ing across the four test cases.
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Tables 16 - 20 contain colimns showing the residuals (from the program's
R array), from the optimal test case I, for each of the less than optimal test
cases (D, X, and N); and Figures 116 - 119 are, again, plots of the correspond-
ing tables. The residual plots, which permit easier visual interpretatien,
are actually expansions of the response differences in Tables 11 - 15 and
Figures 110 - 114,

e S i et b e e

2.3.5 RPV Mannequin Test Conclusions ’ !

Reviewing Figures 110 - 114 yields an excellent overview
of the RPV performance. The tables are presented for examination, in which
more subtle characteristics may be found.

The residual plots probably overstate their case. JYn no case does a
pressurization lag exceed 0.75 psig. That maximum occurs in the abdominal
bladder and corresponds teo a 0.5 psig lag in suit pressure. The apparent
tendency of the AGS to maintain pressure on the mannequin is obvious when
Figures 116 - 119 are compared with Figure 115. This "mechanical™ response
was noted and discussed in detail on the preceding contract (refer to SAM~TR-
78-12: TEHG, Vol. III: Anti-G Suits).

trn b limm e d Bvat o

2.4 ALAR "High Flow" and "Special' Examinations

Two design modifications to the ALAR 8400A AGV were tentatively
tested by the staff of USAFSAM/VNB, These modifications have been designated
the "High Flow" and the "Special." The PTAP examination of these valves had
three phases: First, the mechanical differences between the two modified
valves and a standard 8400A were cataloged. Second, the open-flow capacity
of the two modified valves was measured. Third, the effect of spring shim
3 thickness on first-stage regulator output pressurs was examined.

ki

2.4.1 Desig. Modifications

The design modifications associated with the "High Flow"
and the "Special'" are summarized in Table 21, The "item numbers" references
{ B in that table may be correlated with those in Figure 23, section 1.3,

The modification to the bellows assembly [Item 18] increases the flow ]
capacity between the first- and second-stage regulators. The modification to j
the bellows seat Item 21] increases the flow capacity out of the second stage :
to the suit., The additional holes in the second-stage body [Item 23] increase
the flow capacity to the suit. The shims [Item 28] increase the first-stage
regulator output pressure, thus increasing flow capacity of the second stage,

The enlarged spool assembly [Item 29] and spool seats [Item 34] increase the

flow capacity of the first stage and increase the first~stage regulating ?
surface. The additional holes in the main body [Item 46] increase the flow
capacity between the first- and second-stage regulators. The ventilated
spaces Increase the exhaust flow capacity of the valve,
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2.4.2 Open-flow Capacity of "Hich Flow'

The open-flow capacity of each of the valves was statically
tested using the pr:ss-to-test button. In each case, the button was manually
depressed to the mechanical limir of 1its travel. The results are shown in
Table 22. The "Special" provides 11%, 44%, and 44% flow increuses over the
"High Flow" for sourcas pressures (Pg) of 30, 125, and 300 psig, respectively.

Recalling that the major differences between the "Special' and "High
Flow" are the shims [Item 28] and bellows seat [Item 21], the effects of these
modifications were examined. 1In the 30-psig tests, ao csignificant changes
were detected. In the 125-psig and 300-psig tests, the first-stage regulator
shim [Item 28] produced slightly more than half the increased flow capacity,

2.4.3 First-stage Regulator Shim Effect

In order to optimize the first-stage regulator perfcrmance,
an ALAR 8400A was modified to allow measurement of the first stage regulation
pressure. The effects of various shim thicknresses were measured under static
conditions (Table 23). All tests were run using 125-psig source pressure.

Spot checks were made using 30 psig and 300 psig, with no noticeabie changes.

2.5 Accelerometer Calibration

The primary objective of this effort was to define a procedure
for calibration of the accelerometers used on the USAFSAM/VNB human centrifuge.
The initial approach was to define the acceleration environment experienced
by the gondola accelerometer, allowing its calibration in place. This approach
became prohibitively complicated. An alternate approach is presented here
which removes the accelerometer to a leccation for which the acceleration
environment is easily defined.

2.5.1 Gondola Acceleration Environment

The resultant acceleration through any specified point is
the vector sum of all acceleration wvectors through that point. In the case
of the USAFSAM human centrifuge, an adequate assumption is that (for most pur-
poses) the acceleration vectors in the gondola are limited to the acceleration
of gravity (*) and the centrifugal acceleration (a) generated by the rotation
of the system. These two vectors may be considered perpendicular, with

negligible error, and the resultant through any point defined by a vector of
magnitude

a] = / a? + g?

located in a plane, defined by the vectors a and g, at an angle

9 = tan ! gla

from g. Using this definition, 6 also approximates the roll angle of the
gondola.
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The magnitude of the centrifugal acceleration vector is commonly
defined as

am sz,

where w equals the angular velocity of the system in rad/sec, and R equals
the radius of rotation (in some convenient dimension) of the specified point.
The determination of R makes prohibitively complex the expression describing
the acceleration environment of the accelerometer in the gondola.

The accelerometer is normally located on the forward wall of the gondola,
at a position which approximates the elevation of a subject's heart from the
gondola floor. This position places the accelerometer approximately 10-47/64 +
1/64 in. (27.265 + 0,040 cm) above the center of rotation of the gondola. The
accelerometer is approximately 20 ft 2-17/64 in. * 3/64 in. (6.15355 m * 0.0012 m)
from the centrifuge center of -otation when the system is at rest., The obvious
change (shortening) in radius as the gondola rotates would, if not accounted for,
introduce an error of unacceptable magnitude. Therefore, the rotation of the
gondola must be predicted; and, at this point, the theoretical expression
became unmanageable.

Obviously, a significant acceleration gradient exists in the gondola due
to the differences in radii of rotation of the various locations. A subject's
feet may experience at least 10% more acceleration than his head! The physical
structure, equipment, and instrumentation experience an even larger gradient
due to their wider distribution.

At this point, the difference between the center of mass and the center
of gravity must be considered. These two points only coincide in a uniform
acceleration field. In the case of the gondola, this field occurs only when
the gondola is at rest. When an acceleration gradient is applied to the sys-
tem, the gondola will rotate to aline the center of gravity and the axis of
rotation. The center of gravity can (and in bhe case of the gondola, does)
move a considerable Aistance from the center of mass. Furthermore, this
movement is not perpendicular to the gondola floor and through the centerline
of gondola rotation. Empirical data indicate errors in excess of 4° between
actual and theoretical roll angles. These errors can result in as much as 20%
error in acceleration reading (although usually the resulting errors ave much
smaller) for low-G levels. At this point, attempts to calibrate an accelerometer, '
theoretically or empirically, in the gondola were abandoned. |

:
? 2.5.2 Dynamic Calibration

Two means of transducer calibration are available. Hoth
techniques involve rotating the transducer so that the sensitive axis is per-
pendicular to the natural G vector, and adjusting the variable resisror marked
g "Z" for a zero output from the transducer.

Lo PRl SR L

‘ Coarse adjustment of the "S'" (span) control on the transducer may be

| accomplished by alining the sensitive ax!s of the transducer with the G field
and adjusting ''S" for the proper response. The acceleration of gravity for
the USAFSAM human centrifuge was calculated, using Helmert's equation, an
assumed altitude of 594 ft, and a latitude of 29°20'30" (longitude is
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approximately 98°26'30"). This estimated value is 979.214 cm/secz (32,126 £t/
sec2, or 0.9985 G) compared to a standard of 980.665 cm/sec? (32.174 ft/sec?,
or 1.0 G).

Greater resolution may be obtained by installing the accelerometer in a
special bracket, manufactured by the PTAP crew, which locates the sensitive
axis of the accelerometer 13 ft 9 in. % 0.1 in. (419.10 % 0.25 cm) from the
center of rotation (CR). In this case, the "S" and "Z" controls may be
adjusted to respond according to Table 24, using the rotational speed of the
systew as a standard. Estimated error of this approach is 0,149X.

2.6 Continuous ECG Recordings in Primates

2.6.1 Objective

The purpose of this investigative effort was to examine
some of the problems VNB has experienced while performing long-term (6 months)
ECG monitoring in animals. This portion of the report covers two areas: first,
a discussion of various types of percutaneous lead devices; and second, a
discussion of silver and silver-gilver chloride electrodes. Recommendations
are made and methods are suggested in koth areas.

2.6,2 ECG From Chronically Implanted Electrodes

Using chronically implanted electrodes for ECG eliminates
many of the problems associated with conventional surface electrudes; namely,
daily skin preparation, electrode attachment, impedance variations, and elec-
trode impedance measurements. Most importantly, consistent repeatable ECG
measurements can be obtained. With implanted electrodes, the most difficult
problem, of course, is the dats recovery method--which is limited to telemetry
or “3rd wire. Telemetry has several distinct disadvantages for long-term
(6 .onths) monitoriiig. The first disadvantage is that the power consumption
for transiitting the data over long periods necessitates using rechargeable
batteries and a convenient method of recharging. A power loop transmitter
placed over the skin an inductive coil placed beneath the skin, with
associated circuitry for charging the device (6,9), adds immensely to the
volume and complexity of the circuit to be implanted. The second disadvantage
is the surgical implantation of the telemetry/power-supply device, which is
certainly more extensive and traumatic than the implantation of subcutaneous
electrodes. Since the ECG is the only anticipated parameter to be measured in
the near future, it is advisable to keep the surgical procedures at a minimum
and to continue using @ hard-wire system.

A. Percutaneocus Leads: Using a hard-wire system, the
problem now becomes one of finding a biologically inert feed-through, and

EDITOR'S NOTE: For the convenience of the reader, the author has included
"References," No. 1-18 (section 2.6.5), which pertain specifically
to the material in section 2.6,
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TABLE 24, ACCELEROMETER CALIBRATION VALUES FOR LOCATION
13 FT 9 IN. + 0.1 IN. (419.10 % 0.25 CM) FROM
THE CENTER OF ROTATION
Centrifugal Anguiar
Acceleration Velocity
(G) (ft/sec?) (rac/sec) (rpm)
0 0 0 0
1 32.174 1.530 14,607
2 64.348 2,163 20.658
3 96.522 2.649 25,301
4 128.696 3.059 29,215
5 160.870 3.420 32,663
6 193.044 3.747 35.781
7 225,218 4.047 38.648
8 257,392 4,327 41.316
9 289,566 4,589 43.822
10 321.740 4,837 46.193
L 11 353,914 5.073 48.447
12 386,088 5.299 50.601
3 13 418,262 5.515 52,668
% 14 410, 436 5,724 54.656
E 15 482,610 5.924 56.574
? 16 514,784 5.119 58.430
; g 17 546,958 6.307 60.228
' 18 579,132 6.490 61.974
19 611,306 ¢.668 63.672
20 643.480 6.841 65.326
172
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maintaining the percutaneous lead system. Given that ¢ne has a biologically
inert material, the development of infection due to rejection has been mini-
mized; but disruption of the skin outlet interface may occur, due to mechani-
cal stress applied to the leads, thus causing drainage. Chronic infectious
drainage can cause the infection process to follow the leads deep into the
animal, causing death or local necrosis, and disrupting the percutaneous
leads (13).

In the development of a biologically inert pexcutareous lead system,
various types of materxials have been used, including Teflon, silicone, velour,
epoxies, titanium, and pure carbon (1-3, 13-18). Of these matorials, pure car-~
bon and velour seem to be best suited for a natural Ingrowth of subcutaneous
tissue and the formation of a bacteria-proof barrier.

The velour technique, which is presently being used by VNB, is usually
a matter of securing the velour fabric around the lead system with a medical
grade of silicone adhesive, Dow Corning Type A (Dow Corning, Inc., Midland,
Mich.). The literature indicates that adherence of the tissue tc the fabric
is good, producing a bacteria-proof seal; however, the silicone adhesive tends
to fail, causing drainage and subsequent infection. The tissue-velour inter-
face tends to be deiicate and is subject to disruption by mechanical trauma
(13). Nevertheless, this method appears to be fai.ly successful and simple
for obtaining a percutaneous lead system,

During the past decade, several types of high purity (90-99%) carbon have
been developed in the interest of biomedical applications (2,4). This high
purity carbon, having extremely low chemical reactivity, is presently being
used in human subjects for prusthesis, cardiac assist devices, dental implants,
and percutaneous lead devices, The fact that high purity carbon is biologically
inert is well documented (2-4,8,10), and apparently seems to be "number one"
candidate for many of the percutaneous lead problems. In work done at Rancho
Los Amigos Hospital, Downey, California, carbon devices have been implaanted in
human subjects for over 3 years. These patients have been exposed to full
daily activities, including sporting activities.

The mechanical stability of these devices is very good, and consequently
they do not need additional support, The devices are not perfect, however,
and are subject to disruption due to mechanical stress; but apparently they
do not cause a drainage problem when disrupted (5,11).

One property of vitreous carbon is very low reszis(:ivit:y--lo'-3 ohm-cm (2,8).
Consequently, to use this -uaterial for a percutaneous lead system, an electri-
cal connector must be used in conjunction with the carbon device for electrical
insulation. Earlier pure carbon devices were molded and then fired (vitreous
carbon) to their final form. The problem with vitreous carbon is that about
40% shrinkage occurs during the firing process; and consequently, maintaining
accurate dimensions for an electrical connector feed-through 1s difficult,

Also, in its final form, vitreous carbon is very hard, and thus difficult to
machine,

Another process has been developed whereby high-purity carbon is deposited
(pyrolite carbon) on a substrate basa, and subsequently the dimensions of the
device are precisely controlled. A pyrolytic carten device can be depusited
on a substrate base having a feed-through for a miniature multi-pin connecior
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(female end). These pyrolite carbon devices are custom-made for a selected
corinector by General Atomic Cu. (Medical Products Div., 11388 Sorrento Valley
Rd., San Diego, Calif, 92121) for approximately $30.00 each, General Atomic
has already produced this type of device, using miniature electrical connec-
tors with as many as 200 pins, These percutaneous devices are presently being
used in subjects for chronic nerve impla.ts for external visual stimulus (5).
The connector, a Cannon NJS series (9-, 24-, or 72-pin), can be obtained--
unterminated, or terminated with individual wires, or as a one-plcce multicon-
ductor cable--for approximately $30.00 each (ITT Cannon Electric, 666 E, Dyer
Rd., Santa Ana, Calif. 92702). The contractor recommends ordexing the con-
nactor terminated with irdividual 30-gage insulated wires of a specified length
(Yong enough to reach from exit site to electrode site). Inm this way, the feed-
through connector device can be obtained as a sealed, moisture-proof unit.
Ordering the connector in the 9-pin configuration is alsc advisable, to alliow

& sufficient number of electrodes for measuring the ECG or VCG, if desired.
(However, consideration should be given to future experiments, in which case
the 9-pin counfiguration would be insufficient.)

B. Silver and Silver-Silver Chloride Electrodes: When
electrodes come in contact with an electrolyte, a voltaic cell is created at
the electrode-electrolyte interface. This effect, known as polarization, is
a function of temperature, of the concentration of the ele:ztrolyte, and of
the manner in which the metal reacts with the electrolyte. Because the tem-
perature anr concentration of the electrolyte are fixed for this particular
application, only the type of metal and its reaction to the electrolyte (NaCl)
will be cousldered.

The effects of polarization are usually minimized by the fact that this
potential occurs at each electrode, and the net difference between electrodes
should be zero-—assuming electrodes are identical in materirl, size, and shape,
and are immersed in the same electrolyte. In practice, however, an unstable
residual potential difference will exist. This residual 1is probatly due to
slight differences in surface contamination and irregularities in the metal
electrode (7). If these potential differences were stable, they could simply
be removed by ac coupling the ECG signal at the preamplifier. Actually, these
potentials are not stable, vary constantly in a random fashion, and cannot be
completely filtered out by the high-pass filter, which is usually set at 0.05 Hz
for the ECG.

When silver is used as the electrode, metallic silver combines with a
chloride ion of the electrolyte, releasing an electron and eroding silver away
from the electrode. The polarizing potential, developed at the silver surface,
is approximately 0.8 V, with residual potential differences of 95 mV (18),

The conventional method of eliminating the polarization potential in silver
electrodes is to remove the electrode-electrolyte interface by plating the
silver with silver chloride, thus providing a non-~polarizable electrode. The
AgCl maintains a high concenrtration >f ionized Ag and Cl at the Ag-AgCl inter-
face, and current flow at the AgCl-electrolyte interfacc is maintained by dif-
fusion of the chlocide fons (12). FEnlike the Ag electrodes, current flow in
the Ag-AgCl electrodess dces noc result in an irreversible electrochemical reac-
tion. Silver chloriding silver electrodes reduces the residual potential dif-
ference to approximately 2.5 mV,
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Another advantage of chloriding silver electrodes is that evar though
the process raises the overall electrode impedance, the capacitive ¢[fects ave
decreagsed for the lower frequencies, thus decreasing impedance nonlinearities.
There 1s an optimum amount of chloride plating t» obtain the lowest possible
impedance while reducing electrode capacitance, as will be explained later.

g

Ag-AgCl electrode pellets are produced commercially by combining Ag and
AgCl (about 60/40), thus eliminating the plating process, Howeve., because of
the number of exper’mental animals iavolved and because the electrodes will be
chronically implanted, the contractor suggests that VNB continues to use the
silver electrodes, but tha” they be plated with AgCl as follows:

The e¢lectrode lead must be soldered to the silver elec
trode. All of the wire not used in making the coanec:ion shouid
be covered with polyvinylchloride (PVC) insulation. A medical
grade adhesive, Dow Corning Type A (Dow Corning, Tnc.,, Midland,
Mich.), is used to seal the solder connection and the insulatc..
This adhesive will protect the solder connection and the elec-
trode lead from electrolyte infiltration and subsequent eroding
potentials,

The electrode surface is then polished with an emory cloth and washed
to free the surface of coutaminants. The electrode is then placed in a clean,
nonmetallic container of fresh 0.9% NaCl solution and connecled to the posi-
tive terminal of a constant current source. A larger bare silver electrode
(approximately 1.0 in, ), also cleaned as Just described, is placed at the
opposite end of the container., The lead of this electrode is connected to
the negative end of the constant current source. A milliammeter is placed in
series with the electrode to be plated for Jdetermination of applied current,

The literature indicates (7) that the optimum electrode impedance can
be achieved by using a current density in the range of 500 - 2000 mA-sec/cm?,
and should be applied at a rate greater than 5 mA/cm2, Using a 6-mm-diam.
electrode (A = 0.28 cm-) and an arbitrary current density of 1000 mA-sec/cml
at a rate of 7.5 mA/cm”, 2.1 mA of current should bz applied tetween the elec-
trodes for 133 sec. Each electrode should be plated in this manner, and
fresh NaCl should be used for each plating process. After plating, the elec-
trodes should be handled with some degree of care, since the AgCl surface can
be removed by abrasion. A small electrode (3-mm-diam., for example) could be
used without degrading the amplitude or fidelity of the ECG. For a 3-mm elec-
trode, with all other factors remaining constant, 0.53 mA should be applied
for 133 sec.

2.6.3 Animal Instrumentation

Given the chlorided electrodes with leads &and the percu-
taneous device with connector and leads, the animnal can be instrumented for
ECG by introducing the percutaneous leads subcutaneously at the exit site and
bringing them out at the electrode site. The excess lead from each lead is then
trimmed off and dressed for soldering, and all but approximately 2 in. trimmed
off the electrode lead. A small p’2ce (approximately 1/2 in.) of polyolefin
heat-shrinkage tubing, Alpha FIT-300-1/8 (Alpha Wire, 711 Liderwood Ave.,
Elizabeth, N.J. 07207), 1is placed over one of the lead wires, The wires are

el



JUR——,

then soldered together, leaving only a small length (approximately 1/8 - 3/16
in.) of exposed wire. This shrinkable tubing is then slid over the exposed
wire, and heat 1s applied at approximately 275°F at the splice. Care should
be exercised so that the excessive heat 1is not applied to the PVC insulation
vf the leads. The polyolefin tubing has different characteristics from normal
FVC heat-shrinkable tubing in that when heat is applied to polyolefin, the

outer wall shrinks, but the inner wall melts, thus providing a moisture-proof,
encapsulating jacket.

After the connectors have been positioned and sutures applied, a protec-
tive cap should be placed over the electrical connector te protect the pins.

This protective cover should be kept in place when measurements are not being
made.

2.6.4 Conclusions

In conclusion, we recommend using pyrolytic carbon percu-
taneous devices designed specifically for use with the miniature connector
discuszeda in this report. We feel this device ‘s a btiologically compatible
feedthrough which will facilitate physiologic measurements. Adequate pro-
te on for the connector, especially with the anir-\ unrestrained, should
r .t in a maintenance-free percutaneous lead sy..em. We also recommend
¢ .ver chloriding the silver electrodes, as VNB hag done in the past (refer
to section 2.6.2, B). The use of polyolefin tubing to obtain a waterproof
seal will decrease the time required in instrumenting the animal, and will
allow repeated use of the electrodes, percutaneous connector, and leads.
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2.7 Control Center Data Distribution System Study

The patch panel system, presently installed at the USAFSAM human
centrifuge control console, has several undesirable physical and electrical
qualities. Technology Incorporated was assigned the task of locating, evalu-
ating, and recommending a suitable replacement for the patchcord programming
system. in addition to the resulting recommendation, this report includes a

drawing of a suggested physical arrangement and a generalized block diagram
of the recommended electrical arrangement.

2.7.1 Undesirable Characteristics

The more annoying of the electrical inadequacies of the
present system is the problem of poor electrical contact between the patch
panel receptacles and the patchcord tips. Poor contact causes erratic changes
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in the signal levels whenever the console is bumped or the patchcords are moved.
Perturbations of the signals during several tests have been painstakingly
traced to the patch panel.

The physical contruction of the present patch panel system creates
several recurring problems--one is the force required to insert or remove
patchcord tips; and another, the poor arrangement of the signal processing
inputs and outputs. The force required to patch or unpatch the tips frequently
results in broken patchcords; and the poor arrangement almost always results
in a maze of tangled patchcords.

2.7.2 Recommendations

Specification sheets and other literature pertaining to
patchcord programming systems were sol.ziter from 43 manufacturers of such

systems. The manufacturers were seleci. . those listed in the 20th edi-
tion of the Electronic Engineer's Master . © . Technical Publications, Inc.,

645 Stewart Ave., Carden City, N.Y. 11530).

Initially, much consideration was given to obtaining a shielded system
identical to the one presently installed at the data collection center. This
purchase would have been an advantage because spare patchboards are either on
hand or available. However, according to the manufacturer, Amp Inc. (Box 3608,
Harrisburg, Pa. 17105), the data center system was obsolete. The production
department of Amp Inc.advised that a system (identical to the one presently
installed at the data collection center) could be fabricated; but it would
require "intensive labor," and so would tend to be cost prohibitive.

The better patchcord programming systems available are of the shielded
typ~ with all contact surfaces gold plated; and such systems yield a gcod
signal-to-noise ratio with little crosstalk. These are the qualities required
for best results in signal processing at the centrifuge console.

After the available literature on several systems from various manufac-
turers had been. studied, the patchcord programming system recommended was the
960 system manufactured by Amp Inc. The 960 system is of the preprogrammable,
removable type, and has the format of 3C holes vertical by 32 holes horizontal.
The external dimensions of the patchcord (including the frame) are 16-13/64 in.
tigh by 14-47/64 in. wide (41.2 cm high X 37.4 cm wide). The front of the 960
system patchboard extends 2-1/4 in. (5.7 cm) forward from the panel on which
it is mounted. Dividing the patch panel into its various system inputs and
outputs sections, by contrasting color patterns, tends to increase the speed
and ease of reprogramming for various tasks. Amp Inc. can silk-screen the
patchboard according to any convenient pattern furnished by the buyer of the
system at additional cost. Technology Inc. recommends that several patchboards
be purchased so that they can be preprogrammed for each test protocol. Then
repatching between tests and experimunts wo':ld consist of simply removing one
patchboard and replacing it with the proper one. This approach would insure
standardization of the patching procedures and also save time.

A suitable enclosure for mounting the system ls manufactured by the
Premier Metal Products Company (Div. of Sunshine Mining Zo., 381 Canal PYlace,
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Bronx, N.Y. 10451). The stock number is TIC 21-19-13; and the dimensions are

21 in. high by 19 in. wide by 13 in. panel-to-panel depth (53.3 cm X 48.3 cm
X 3.3 cm).

The new patch-panel system should be lo:ated in approximately the same
position as the presently installed patch panel. The rear frame of the patch
panel should be physically located in the enclosure, such that easy access for
troubleshooting and/or wiring is afforded.

The physical arrangement of the inputs and outputs of the various data
systems (Fig. 120) is the composite of the better features of several arrange-
ments studied for this report. Tigure 121 is a block diagram of the proposed
centrifuge data distribution system., Special consideration was given to
arranging the inputs and outputs of the various systems to be programmed by
the patch panel. The inputs and outputs that are more frequently patched into

each other are placed either adjacent to each other, or as close as physically
feasible.

The 16 BNC connectors, that in the present system provide access to sys-
tems external to the patch panel, are very useful; and this arrangement should
be retained In the new system. An additional recommendation is that several
MS-type connectors be placed at the convenient locations, either on the console
or the patchboard system enclosure, and wired to the available patch panel con-
tacts. This arrangement would allow flexibility in patching external systems,
such as tracking tasks to the centrifuge. Several nonpolarized capacitors
should be wired between ground and convenient patchboard contacts to provide
ac bypass to ground and/or glitch filtering, as required.

An arrangement for monitoring the outputs of the sigial conditioners
should be provided. It should be able to switch select all 16 preamplifiers,
instead of just 12, as in the current system.

Patchable access to permanently installed digital multimeters (DMM's)
would be very useful for monitoring signal levels, determining resistances, or
checking the continuity of signal pairs.

The signals from the accelerometers are usually patched into channel 1 of
the data recording systems, and this arrangement should also be kept in the new

system. Hard wiring inrto channel 1 is not recommended. Because the patchboards
are pre-programmable and quickly changeable, the selector switch (presently used

to select either the gondola accelerometer or the animal end accelerometer) is
not necessary.

One final consideration that may be of some future value is the utilization

of a few spare, or seldom used, signal pairs for an instrumentation ground.
These signal pairs wculd be useful for patching through a ground to the signal

patch panels on the centrifuge to provide an instrumentation ground separate
from the power ground,.

2.8 Closed-Loop Centrifuge Control Study
2.8.1 Objective

The purpose of this studv was to perform circuit analysis,
circuit design, and troubleshooting on an Air Force developed electronic method
for closed-loop control of the human centrifuge.
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2.8.2 Normal Centrifuge Operation (Figs. 122 - 125)

Pressurized hydraulic fluid for the drive system is supplied
by 5 variable volume pumps which are driven by 4 electric motors. The pressur-
ized hydraulic fluid turng the 8 fluid motors, which, in turn, drives the rotor
arm through gear trains. The motor speed, which is proportienal to fluid flow
through the metors, is adjusted by means of a servo control, which varies the
output volume of the pumps. The motor inlet pressure is controlled by the
onset pressure control, A207 (Fig. 122), which determines the nressure (between
0 psi and 5000 psi) at which the onset relief valves (RV-3 through RV-7, in
Fig. 125), vent the pump output to the main reservoir. As shown in Figure 125,
when the 4-way valves (DCV- 1 through DOW5) are in the spring offset position
(solenoids L-7, L-8, L-403, L-404, L-405, not energized), this pressure is
reservoir pressure. When these solenoids are energized by the pressure com-
mand, the pilot pressure to the onset relief valves is determined by the
setting of the electrically operated relief valve, B-402 (Fig. 125). B-402 is
adjustable between O psi and 5000 psi by the onset pressure control, A-207,

Deceleration of the rotor arm is accomplished by depressurizing the
hydraulic motor inlets and restricting the motor outlets so that the motors,
as they are driven by the moving rotor arm, pump the fluid against a back
pressure, thus resulting in a braking torque. This moctor outlet pressure is
controlled by brake pressure control signals, which detzermine the pressure
at which the brake relief wvalves will vent hydraulic fluid to the main
reservior,

Specifically, the hydraulic fluid flows frum the outlet ports of fluid
motors MF-1 through MF-8 (Fig. 124) through the return manifold, through the
three braking relief valves (RV-8, RV-9, and RV-10), which are designed to
relieve at their spring setting (5000 psi) or at their pilot pressure (0 to
5000 psi), whichever is lower. When 4-way valve DCV-7 is in its spring-offset
position, it blocks the flow of vilot fluid through the three braking relief
valves. When DCV-7 is activated (first ready status) by L-401, pilot pressure
flows from the three braking relief valves, through the three clieck valves
(Cv-22, Cv-23, and CV-24), through DCV-7 itself, to electrically adjustable
relief valve B-401. B-401 is adjustable between 0 psi and 5000 psi by deceler-
ation pressure control A-206 (Fig. 122) on the console. The closure of
K-222 (first ready) contacts energizes relays K-308, K-226, K-309, and onset
pressure control A-207. Relay K-226 is energized through K-4 contacts (which
remain closed until final ready status), thereby energizing deceleration pres-
sure control A-206 and preventing pressurization of the main hydraulic pumps.

The momentary closure of pressure switch S-212 (Fig. 123) energizes and
locks K-323, the contacts of which energize the solenoids (L-7, L-8, L-403,
L-404, and L-405) of the pump vent valves DCV-1 through DCV-5. These valves

allow onset pressure control A207 to control relief valves RV-3 throug RV-7
which, in turn, control pump outlet.

Momentary closure of hydraulic brake switch S-208 energizes K-226 and
opens the normally closed contacts K-226 which, in turn, causes K-323 to be
deenergized and depressurizes the system. During the time of S-208 closure,

the deceleration pressure control A-206 is energized and hydraulic braking
is available.
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2.8.3 Closed-Loop Control System Developed by the Air Force

The closed-loop control system, developed by the Air Force,
ntilizes a control stick command voltage and feedback voltage from an acceler-
ometer (Fig. 126). The design intent was that, when these two signals were in

equilibrium, the gondola would reach a G-level proportional to the control
stick position.

The closed-loop control circuit, which takes the place of the onset presg-
sure control A-207 and .e deceleration pressure control A-206, has two outputs.
When the control stick voltage (Vr) is greater than the accelerometer feedback
voltage (Va), voltage is applied to the onset relief valve B-402. When Vr is
less than Va, voltage is applied to .he brake pressure valve B-40l. Also,
when the closed-loop control system was tested, hydraulic brake switch S-208
(console) and the pressurize switch $-212 (comsole) were each shorted to the
closed position at all times, and the normally closed contacts of K-226 were
externally shorted. These are the coutacts that open and break the pressuriza-
tion circuit when the hydraulic brake switch is momentarily closed. In other
words, with the control circuit wired in this configuration, the hydraulic
system cannot be depressurized when the hydraulic brake is applied (Vr < Va).

The centrifuge has many electrical and hydraulic interlocks, many of
which were designed for subject safety, and several of which were designed
to prevent damage to the hydraulic system itself. For example, the contacts
of K-4, which energize the deceleration pressure control for hydraulic braking
and prevent the system from being pressurized, are normally closed until first
ready status. Under the test configuration just discussed, the interlocking
safety features of K-4, S-208, and K-226 are circumvented. The contractor feels
that these interlocks should not be bypassed and that the hydraulic system
should be depressurized before applying the hydraulic brake. Operation of the
centrifuge without these designed safety interlocks could cause catastrophic
damage to the hydraulic system.

2.8.4 Design Modifications

The cortractor feels that the electronic circuit of the
control system developed by the Air Force is a workable design that, with cer-
tain modifications, can be used in the closed-loop control cystem. These modi-
fications must provide three modes of operation--pressurization and onset
pressure control, depressurization, and hydraulic brake control--which possibly
could be accomplished by comparing the control voltage (Vr) with the accelerom-
eter voltage (Va). When Vr > Va, the pressure switch §-212 would close and the
gondola would accelerate until Vr = Va. The pcsition of the control stick would
represent a certain G level, When Vr < Va, by some small fixed difference,

§-211 would be opened and the system depressurized. This small voltage difference
would =llow for minor adjustments in G level by pressurizing and depressurizing
the system, without applying hydraulic braking. When Vr << Va by some larger but
fixed difference, the system would be depressurized and hydraulic traking applied
in proportion to the difference between Vr and Va. The contractor feels that all
three modes (pressurization, depressurization, and hydraulic brakiag) are neces-
sary for operuting the gondola on an SACM profile.

In addition to having control over the gondola via the emergency kill, the

pilot controls (already described) should also be designed for manual over-ride
at the console.
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Additional design modifications in the Air Force developed system should
also include hysteresis and temperature compensation of the electrolytic valves
(B-401 and B-402) employed in the A-206 and A-207 control circuitry. These

changes are not essential in the initial design stages, and could easily be
incorporated after the design concept has been proven,

In conclusion, we recommend making the following design changes on the
closed-loop control system developed by the Air Force:
(1) pressurization and onset pressure control with control stick volt-
age Vr greatar than accelerometer voltage Va;
(2) depressurization and subsequent deceleration with control stick
voltage Vr slightly less than accelerometer voltage Va;

3) hydraulic braking proportional to the difference between Vr and Va
for large |Vr - Va|; and

(4)

hysteresis and temperature compensation for control valves B-401
and B-402.

2.9 Medilog Recorder G-sensitivity Tests

2.9.1 Introduction

The Medilog recorder is a miniature 4-channel tape recorder
designed specifically for monitoring of ambulatory subjects. Data 1s recorded

on a 2-hr or 24-hr recorder, and is recovered from the Oxford reproduce unit at
a rate of 60 times real-time of the recorded tape.

The purpose of these tests was to determine the sensitivity of the Medi-
log 4-24 tape recorder to various levels of G forces on the three orthogonal
axes. The recorder selected for these tests was a 24-hr recorder (S/N 06481)
with the following preamplifier configuration: channel 1--EG2 (ECG); channel 2--

AM3 (acceleration); channcl 3--AM3 (G-suit pressure):; and channel 4--AT2 (tem-
perature).

2.9.2 Test Protocol and Configurations

A. Time base expansion tes:: Since the recorded data
cannot be recovered from the recorder on a reai-time basis, and the fact that
the record unit has an upper frequency response limitation (100 Hz on the EGZ,
and 4 Hz on the AM3) precluded the use of tinme code recording and the corre-
lation of real-time evants with recorded test data--all events during the
centrifuge runs were correlated to recorded G levels (channel 3). Also, the
60 times real-time reproduction speed necrssitated using a second instrumenta-
tion recorder tu obtain a 32:1 expansion of all test data.

The test configuration for the time base expansion is shown in Figure 127.

Signal amplitudes and frequencies were selected to be compatible with actual

recorded data for channels 1 and 2 (ECG and pressure respectively). Amplitudes
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HP 204-B
0SCILLATOR ] ) BRUSH
1.0 V P-P, 6.0 Hz o § MARK 200
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Sine wave 2 & RECORDER
4= | & 3
WAVETEK 114
FUNCTION ,
GENERATOR 5 5

1.0 Vv P-P, 6.0 Hz
Triangular wave

Figure 127. Tire base expansion test configurationm.

! and frequencies for channels 3 and 4 were selected as a matter of convenience. ,
Test signals were recorded at a speed of 60 ips and were reproduced at 1--7/6 §
E ips for a time base expansion of 32:1. All test signal irequencies and ampli- '
: tudes were monitored with a Systron Donner 6152 A counter and a Tektronix 564
oscilloscope during both record and reproduce modes.

g
EEP/ PP SE W SRSt TN S0

i ialh o0 o sl

B. Medilog recorder and reproducer tests: This experiment
was designed to test the Mediiog for fidelity of record and reproduction of sig-
nals vhile being exposed to various levels of G forces.

2o ey M i

The recorder axis orientation 1s shown in Figure 128, and the test con-
figuration in Figure 129. The 10 Hz sine wave was selected for channel 1;
for this sine wave was well within the bandpass of the EG2 amplifier, and the ’
reproduced signal (10 X 60/32 - 18.75) was fast enough to be counted on the 4
frequency counter but slow enough to copy on the Brush recorder. The 0.1 Hz
triangular signal was selected because it was witunin the bandpass of the AM3 '5
recorder and would allow an easy method for testing amplitude variation in the
Medilog recorder. The signals for channels 1 and 3 were differential inputs, ;
with the tape recorder common used as the reference ground., These signals F
were sent through the instrumentation slip rings, but were monitored in the P
gondola at the recorder input--before and after thte centrifuge runs--with a i ;
Tektronix 564 scope. The input signal frequency for channel 1 was monitored '
at the console with a Systron Donner 6152A counter. b
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1 HP 204 8 1 |
¢ OSCILLATOR
A 2 MEDILOG

4-24
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Figure 129. Medilcg recorder test configuration.
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TABLE 25. ORDER OF AXIS TESTING AND TEST SIGNALS

AXIS CHANNEL 1  CHANNEL 2  CHANNEL 3  CHANNEL 4

(10 nz) (0.1 Hz)
+Z 1 aV pp 1-10 ¢ 8 mV p-p 37°C
-z " " " 40°C
+X " " v 33°C
-X " " " 34°C
+Y " " " 27°C
-Y " " " 30°C

The Medilog recordeyr was exposed to 1 min of acceleration, from 2 to 10 G
and back to 2 G, in 2-G increments (Table 25), The recorded test tape was
then reproduced from the Oxford reproduce unit at 60 times real time and re-
recorded on the Ampex FRL30D at 60 ips. This test setup is shown in Figure 130,
and the test conditions are described in Table 26, The 6152A counter time
base was set on l0-sec count to provide at least 3 frequency counts at each
G level. The digital multimeter was used to indicate different G levels and
to insure that frequency counts were not taken between different & levels,

2.9.3 Test Results

A, Time base expansion: Test resulcs from the time base
expansion test (Fig. 127) are shown in Table 27. The actual measurement of
the 600 Hz signal, reduced by 32, should be 18.75 Hz; however, the resolution
of the counter is only provided for 0.1 Hz, so percent error is not shown for
this frequency. The 6 Hz signal for channels 2 and 3 should be 0.1875 Hz.
This frequency was determined by strip-chart measurement and chart speed.

The amplitude of all signals was approximately 1.05 V peak-to-peak, and did
not vary significantly throughout the test. The absolute amplitude of each
signal was not considered imporvant tor this test, and only the variations in
the frequency during the test were considered. This test indicates that no
appreciable frequency or amplitude error would be introduced into the Medilog
recorder test by using a 32:1 time base expansion.

B. Medilog recorder-reproducer: The recorded data tape
was reproduced and re-recorded using the test configuration of Figuxe 139.
The mean frequency count for the G level in each axis is shcwn in Table 28,
The standard deviation of frequency for any G level was less than 0.1 Hz, and
was usually less than 0.06 Hz.
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f 1 2 1
| OXFORD w BRUSH
Pt 2 32 8 2,
| REPRODUCE gl g MARK 200 ]
UNIT 3 s 2| £ 3RECORDER ﬂ
- &
3 4 5 5
-;
i
:
; .
f
}55 SYSTRON DONNER | | DATA PRECISION :
: 6152A 245 ]
; COUNTER MULTIMETER ‘
i
- %
. Figure 130. Oxford reproduce and re-record test configuration, j
/ ¥
]
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i
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| ' | g
o :;:
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| : TABLE 26. OXFQRD REPRODUCE TEST SETUP |
L N 3
Py | ?
Lo 3 CHANNEL __ AMPLIPTIER  GAIN FILTER
( : !
} 1 PD-Z MAX MIN (both :
filters) 4
) 2 PM-3 MAX 5 (MAX) :
$ 3 PM-3 MAX 0 (MIN) E
] 4 PH-3 MAX 5 (HAX)
£ y
; .
t
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TABLE 27. TIME BASE EXPANSIQN ACCURACY

CHANNEL FREQUENCY (PBs) PERCENT
Input Qutput ERROR

1 600 18.7 -~
2 6 0.188 0.27
3 6 0.188 0.27

4 600 18,7 _—

TABLE 28. REPRODUCED FREQUENCY (MEAN)

s G +7 -z +X -X +Y -y

; - 1 16.93  16.60  16.60  16.60 16.64 16.60 :
f 2 17.04  16.68  16.54  16.60  16.70  16.63 5
4 18.19  16.73  16.64 16.75  16.80  16.80 '

g 6 18.43  16.80 16.75  16.83  16.90  17.03
% 8 18.48  16.95 16.85 16.90  17.02  18.50 i
E 10 18.52  17.05 16.92 17.00  17.08  18.53 j
: 8 18.50  16.95 16.82  16.88  16.93  18.47 E
i 6 18.48  16.87 16.70  16.80  16.85  18.43 |
- 4 18.45  16.78  16.60 16.73  16.87  18.45 é
j 2 18.45  16.65 16.56  16.63  16.63  18.47 :
1 13.47  16.57  16.57 16.68  16.56  18.43 §
4
? ?
194 :
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TABLE 29. TERCENT ERROR IN FREQUENCY REPRODUCTION
: AT 1-G START OF RUN
|
AXIS PERCENT ERROR
+Z ~9.71
-7 -11.47 .
| +X =11.47 T
| -X -11.47 ﬂ
+Y -11.25
-Y =11.47
i ¥
i
:'3
TABLE 30. PERCENT ERROR CHANNEL 1 REPRODUCE NORMALIZED TO q
1-G START OF RUK ;
1
: g +2 -2 +X -X +Y -y :
1 0 0 0 0 0 0 i
2 0.65 0.45  -0.36 0 0.3 0.18 -
P
| 4 7.35  0.75 0.24 0.90 0.96 1.20 E
“ | A 8.83  1.20 0.90 1.36 1.56  2.59 %
§ | 8 9.13 211 1.5 1.81 2.28 11.45 ;
| 10 9.39 2.7 1.93  2.41 2.64 11.60 ‘
| 8 9.27 2.1l 1.33  1.69 174 11.27 :
P 6 9.13  1.66 0.60 1.20 1.26 11.02 !
: 4 8.98  1.06 0 075 0.84 11.14 i
' 2 8.98 0.30  -0.24 0.18 -0.06 11.27
: 1 9.07 -0.18  -0.18 0.45 -0.48 11.02
| !
e ;
| ]
i 195 :




|

5

¢

I T e e RETEITIR = 1 (710 4 4708 e s bt~ ryrgpere. g~ 00 ot e
rqv e s R e it Bussie: 2t I i e e » RETWTY T Y L T e T e
A i ',!\‘. \!

The 1-G level (start of the run) shows that the reproduced frequency
was lover than the exvected 18.75 Hz. This systematic error indicates that
the recorder-reproducer combination of speed is different from the specified
value. Specifically, the record speed is too fast and/or the reproduce speed
is too slow. This error in reproduction (shown in Table 29) is normalized to
18.75 Hz, and indicates an error in irequency reproduction of approximately
-112. Consequently, if the recorded ECG is used to derive heart-rate infor-
nation, the same -11% error can be expected.

To separate this sytematic tape recorder error from the G~induced error,
each axis run was normalized to the 1-G frequency output at the start of the
run. This error (shown in Table 30) indicates that an error in frequency
reproduction for all axes reaches a maximum at the 10-G level. The error for
-Z, X, =X, and Y 1is only slight (a maximum of 2,7% for -Z with little hysteresis)
compared to that for Z and -Y. The Z and -Y axes show considerable error
(939% and 11.6%, respectively) and a considerable amount of hysteresis. From
the axis orientation (Fig. 128), nothing indicates a Z, -Y G relationship which
would affect record speed. It should be pointed out that the Z-axis run was
conducted on one day, and the remainder of the axes were tested on consecutive

runs of the next day.

Interestingly, the G-induced error is the opposite direction of the
systematic system error. Since we have no reason to suspect a change in
reproduce speeds due to G levels (other than possible random changes), this !
finding indicates the record speed in all axes is reduced as a result of G .
fovces. This conclusion accounts for the almost linear change (minus a small
hysteresis) in tape speed with respect to G for the -Z, X, X, and Y axes,
but does not expiain the large error and hysteresis observed in the 2 and -Y
axes, The only explauation for these deviations is the possibility of random
variations in tape reccrder speed. Since the tape recorder has a phase- §
locked loop speed control, speed variations should not occur in the recorder, ’
We should also point out that, before the test, the record head and guides k
were cleaned and a fresh set of batteries were installed in the recorder.

Test signal amplitudes were also observed for variations due to G forces.
The contractor feels that the amplitude variations in the teat signal:, due to
G, were inconsequential. In fact, amplitude variations in the AM3 (channel 3)
were virtually nonexistent, and only minor variations were observed in the EG2
(channel 1). One problem did occur in the initial tests with regard to ampli-
tude variations--which appeared large (30% - 40%), with occasional dropout at
1 G. Although a bad cassette proved to be the cause, the possible problem
area is one of which VNB should be aware. The contractor suggests that each
cassette be tested briefly before being used in the field. This test could
be ‘made by simply recording and reproducing the calibration signals before
each subject is instrumented.

2.9.4 Conclusions

The large systematic errors observed in the system can
probably be isolated to the recorder or reproduce units. Since VNB has two
24-hr recorders and one 2-hr recorder, a common signal should be recorded
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on a single channel of each recorder simultaneously. The signal should be moni-
tored with a frequency counter during recording and xeproducing. Using the three
recorded tapes, and the two reproduce speeds, a process of eliminatlon could
indicate recorder, reproducer, or a combinational error ef the two. 7Tor example,
if the two 24-hr tapes are reproduced at the same but lower than expected fre-
quency, the reproduce speed should be adjusted for the desired frequency output.
If, however, the two 24-hr tapes are different in response, with only one
reproducing as expected, we would suspect that the record speed of the second
recorder needed adjustment. This suspicion should be confirmed by checking

the accuracy of the 2-hr recorder before any adjustments are made. By using
this prccess, a logic table could be used in isolating the recorder(s) and/or
the reproduce unit, which are operating at the incorrect speed. Continued
investigation into the speed (frequency) error of the Medilog recorder system
is beyond the scope of this effort.
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ABBRVIATIONS, ACRONYMS, AND SYMBOLS

1 ac alternatinyg current

E ACM Aerial Ccmbat Maneuver

: Ag silver

? E Ag-AgCl silver-silver chloride

% | AgCl silver chloride

é AGS ant!-G suit

? AGV ant.1-G valve ;

; AWG Arierican Wire Gage |

? BRP Data Processing Branch, Data Sciences Division, USAFSAM

E BNC Bayonet "N" Type Connector

? CAL calibration ;
CR center of rotation i
de direct current
dG/dt rate of change of acceleration with respect to time

5 DMM digital multimeter :

% dP/éG rate of change of pressure with respect to acceleration 3
EC(; electrocardiogram é

F FAIL failures i

i
!

é : JVALVPGM a specialized FORTRAN IV and IBM Assembly computer program for the
‘ analysis of anti-G valve data recorded in accordunce with the SVTP

GVALPROC an IBM procedure, written in IBM JCL, which utilizes analog-to-
) . digital tapes

z acceleration slong the Z axis (head to foot) [also: G(Z)]
[ Hz Hertz (cycles per second) ;
: ips inches per second :
n meter é
mA milliampere ?
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MS

mV
NAILSC
OP TIME
OTH/MAL
PET
p-P
PS

psig
PTAP
PVC
RPM
RPV
SACM
SAM

SVTP

Va

VCG

VNB

vr

WRT

POTER VTN U RN U DU GURIRIRIPRETY BRURALY

Military Standard {when used as a prefix for an electrical connector)

millivolt

Naval Aviation Integrated Logistics Support Center
operating time (flight hours)

other malfunctions

Performance Evaluation Table

peak-to-peak

source pressure

pounds per square inch gage

Precedural Tests for Anti-~G Protective Devices
polyvinylchloride

ready pressure anti-G valve mannequin

ready pressure valve

Simulated Aerial Combat Maneuver

School of Aerospace Medicine {(Brooks AFE, Tex.)
Standardized Anti-C Valve Test Protocol

volt

accelerometer voltage

vector cardiogram

volts (direct current)

Biodynamics Branch, Crew Technology Division, USAFSAM
control voltage

with respect to
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[How to order Appendix A

RE: The USAF School of Aerospace Medicine's Technical Report Series
on Procedural Tests for Anti-G Protective Devices--
Volume I (SAM-TR-79-30), and Volume II (SAM-TR~79-31).

AFPENDIX A:

In order for comprehensive information on this research ‘
to be readily accessible, microfiche have been made of
this Appendix. The microfiche are available through:

_ The Strughold Aeromedical Library

| Documentation Section (USAFSAM/TSK)
i USAF School of Aerospace Medicine
Brooks AFB, Texas 78235

i
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